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Pyopuka 2. HAYUHBIE U IPAKTUYECKHUE PABPABOTKH
Hanpagsienne «J1eKTPOTEXHUKA)

V]IK [UDC] 629.439.027.34:621.318.38
DOI 10.17816/transsyst2019525-15

© K. K. Kum', A. B. KOJICCOBal, C. JI. Kosnecos®

1l'IeTep6yprc1<1/n>'1 rOCyapCTBEHHbI YHUBEPCUTET IyTEH COOOIICHUS
Nmnepatopa Anekcanapa |

2TpeHI/IHFOBHﬁ ueHtp OO0 «Cumenc MoOMIBHOCTEY»
(Cankr-Ilerepoypr, Poccust)

VYAYUIIEHUE TOKOCBEMA B TPAHCIIOPTHOM CUCTEME
THUIIA "HYPERLOOP"

OO6ocHoBanme: TpaHCIOPTHOE CPEACTBO, MEpeMeNIaeMoe B TpyOe ¢ pa3pekeHHbIM
BO3JYXOM C BBICOKOH CKOpPOCTBIO, OOECMEYHBAET BBICOKYIO IPOU3BOJAUTEIBHOCTD,
0€30TMacHOCTh, IKOJOTUYECKYIO YUCTOTY, KOM(MOPTHOCTh U HE3aBUCHUMOCTh OT aTMOC(HEPHBIX
SIBIICHU.

Iean: yaydinieHne TOKOCheMa B ckopocTtHoM auara3one 500-700 km/g

Metoa: Pa3zpabotan MeTo] YMEHBIICHHUS M3HOCA KOHTAKTHOW BCTaBKH Ha OCHOBE
WCIIOJIb30BaHUS TUCYIb(PUIHON TBEPIOH CMa3KH.

Pe3yabTaThl: pelieHre ypaBHEHUH MarHUTOTUIPOJMHAMHKHU IJIi CMA304HOTO CIOs
MTO3BOJIMJIO BBISIBUTH ONTHMaIbHOE 3HaYEHHE TOJIIIMHBI CMa304HOTO CIIOSL.

3ak/r04eHue: MCIOJIb30BaHUE JAHHON CMa3Ku Iesiecoo0pa3HO Ha MEPEMEHHOM TOKe
MpU 3TOM YMEHBIIAeTCS M3HOC KOHTAKTHOM BCTaBKH, CHU)KAIOTCSI CTEMEHb HCKPEHUS U
YPOBEHB AIIEKTPOMATHUTHBIX MOMEX.

Knrouesvie cnoea: pazpexeHHbI BO3AyX, TpyOa, mnepdopupoBaHHE, CKOIb3SIIHIMA
TOKOCHEM, U3HOC, TUCYIb(pHUAHAS TBEPAAs CMa3ka, MarHUTOTHAPOIMHAMUKA.

Rubric 2: SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field “Electrical Engineering”

© Konstantin K. Kim*, Anna V. Kolesova', Sergey L. Kolesov?
! Emperor Alexander | St. Petersburg State Transport University
?Training center "Siemens Mobility" LLC

(St. Petersburg, Russia)

IMPROVING CURRENT COLLECTION IN THE TRANSPORT
SYSTEM OF THE TYPE “HYPERLOOP”

Background: The vehicle moved in the pipe with rarefied air with the high speed
provides high labour productivity, safety, ecological cleanness, comfort and independence
from the atmospheric phenomena.

Aim: improving the current collection in the speed range of 500-700 km/h.

Method: We develop the method of decreasing the wear of the contact insert by using
disulfide solid lubricant.

Results: of the solution of magnetohydrodynamics equations for the lubricant layer
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allowed to define the optimal value of the lubricant layer thickness.

Conclusion: The use of this lubricant is advisable on an alternating current. In this
case the wear of the contact insert, the degree of sparking and the electromagnetic noise are
decreased.

Keywords: rarefied air, pipe, perforation, sliding current collector, wear, disulfide
solid lubricant, magnetohydrodynamics.

BBenenue

B Hacrosimiee BpeMs HaOJOJaeTcss  BO3POXKACHHME MHTEpeca K
TPAHCIOPTHBIM CHCTEMaM, B KOTOPBIX MAaCCAKUPCKUE KaICyJbl JABUKYTCS B
Tpybe ¢ ckopoctsimu ~ 1000 km/a [1]. [Ins ymeHblneHUuss J000OBOTO
CONMPOTHUBJICHUS KarcCyjabl B TpyOe MpearnoyiaraeTcsi Co3[4aTh TEXHUYECKUU
BaKyyM, 4YTO TMPHUBOJAUT K HEOOXOJAMMOCTH HCIHOJb30BaHUS OOJBIIOTO
KOJIMYECTBAa HACOCOB M K MpoOsemMaM, CBA3aHHBIM C MOJAJICpKAaHUEM BaKyyma B
Tpyoe. Kak mokazanu  uccienoBaHus, NpPOBEJACHHBIE Ha  Kadeape
«OnextporexHuka u temnodHepretuka» III'YIIC, cymecTByeT opurmHaigbHOE
TEXHUYECKOE pEIICHHE [aHHOM MpoOJieMbl, 3aKIIOYarolieecs B CO3/IaHUU B
TpyOe cpenbl ¢ pa3pekKeHHBIM BO3AyXOM (llaBjieHHe B 2-3 pas3a MEHbIIE
atMocdepHoro). Jlns YacTUYHOM KOMIIEHCAIIMM TMOSBUBIIETOCS J1000BOTO
a’pOJIMHAMHUYECKOTO CONPOTHUBIICHUS npeaiaraeTcs UCITIOJIb30BaTh
nepPopupoBaHHYIO OOIIMBKY JIOOOBOW HYAaCTH KarcCyjbl C MPUHYAUTEIbHBIM
OTCOCOM HAOeraroiero BO3JYIIHOIO IMOTOKa 4Yepe3 OTBEPCTHS B OOIIMBKE U
BBIBOJIOM IIOCJICJIHETO B IPOCTPAHCTBO 3a 3a/IHEH YacThiO Karcyisl [2].

Crnenyer OTMETUTH, UTO JAHHOE PEIICHUE TPEeIoiaraeT 6ojaee CKpOMHbBIE
3HAYCHUS] CKOPOCTH ABMIKECHHS Karcyisl ~ 600 — 700 km/4.

YMeEHbIIIEHUE CKOPOCTU ABUKEHHUS IMO3BOJISET MCIOJIb30BATh B JTAHHBIX
TPAHCHOPTHBIX CUCTEMAX TPAAUIMOHHBIA  CKOJB3SAIIMN TOKOCHEM, UTO
0JIaronpuATHO BIMSIET HA MacCOorabapUTHbBIE TTOKA3aTeIH KarCybl.

B cBs13u co cka3aHHBIM BO3HHMKAeT MpodiieMa obecreyeHus! IpUueMIeMoro
KauecTBa CHCTEMbl TOKOChEMa, B YACTHOCTH YMEHBIIEHUS HW3HOCA 3JIEMEHTOB
KOHTAaKTHBIX nap. B Hacrosiee BpeMs U3BECTHO MHOTO CIIOCOOOB YMEHBIIICHHUS
n3Hoca. OJIMH U3 HUX — 32 CYET NPUMEHEHHs TBEPIBIX CMa30K, HApUMep, Ha
OCHOBe nucynbduaa momubdaena MoS; [3].

[Tpu UCITI0JIb30BaHUU IUCYIb(OUIMOINOIEHOBBIX CMa30K B
ANeKTpuyYeckux ckonb3amux KoHTakTtax (CK) HeoOXoaumo npuHUMATH BO
BHUMAHHE HE TOJBKO (PU3UKO-XUMHUYECKUE, HO U AIEKTPUUECKHE OCOOEHHOCTH
CKOJIB3SIILIET0 KOHTakTa. ABTOpaMH pa3pabOTaH U HCCIEAOBAaH CIOCO0
HAHECEHMsI TBEPJIOCMA30YHOTO TOKPHITHS HAa OCHOBE AMCYNIb(uaa MoaubdaeHa —
MpU TOMOIIM JOMOJHUTEILHOW BCTABKHM, KOTOpash YCTaHABIMBaeTCs Ha
TOKONPUEMHUKE NEPE] TOKOBOM BCTABKOM.

PaccmotpeHue psjga peosIoTHUECKMX MOJCNeH TBEpABIX CMa3oK [4]
MIO3BOJIMJIO C/EJIaTh 3aKJIIOYEHUE O TOM, YTO TEYEHUE CMa3Ku Ha OCHOBE MoS;
01 TOKOBOM BCTAaBKOM NpHU MPOXOXKIACHUH SJIEKTPUYECKOIO TOKAa MOXKHO
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OMKCATh YPAaBHCHUSAMU MAarHUTHOW THIPOJUHAMHKH VIS BI3KOTo TedeHus. [lpu
HarpeBe MoS; 1o 70 — 90 °C kpuctaiisl aucyiabduaa MmoiudieHa npuoopeTaroT
TEKy4eCTh M BSI3KOCTh B HAIPaBICHHUSAX TapaUICIbHBIX €ro CJIOosSM, a
ONTUMAJIBHOE PACIIOJIOKEHUE KPUCTAJUIOB Ha TIOBEPXHOCTH Tap TPEHUs
o0ecrneurnBaeTCsl MPUI0KEHHBIM BHEITHUM 3JICKTPUYESCKUM IoJieM [5].

[Tpu ompeneeHHBIX 3a30paX MEXKIY BCTaBKOW M KOHTAKTHBIM IIPOBOJIOM
BO3MOXXHO BO3HHKHOBCHHE OTTAJKHBAIOMICH CHJIBI, KOTOpas CTPEMUTCS
OTOpBaTh BCTaBKY OT KOHTAaKTHOTO TIPOBOJa W YBEJIMYUTH TIEPEXOTHOC
conpotusiienne CK.

YpaBHeHUsI MATHUTOTMAPOANHAMMKH JJI1 CMa304HOI0 CJI0SI
PaccMoTpuM MIIOCKYIO 3ajayy TEUYEHHS BSI3KOM KUAKOCTH (MMHUTHPYET

CJIOM cMa3Ku) B MONEPEYHOM DJIEKTPOMArHUTHOM IOJ€ B IOJYOECKOHEYHOM
npoctpancTse (Puc.1).

)

Puc. 1. K pacuety MarHuToruipoJuHaMM4eCcKON MOJIENIN TEYSHHS CMa3Ku:
1 — ToKOBas BCTaBKa, 2 — KOHTAKTHBIN IpoBo, E — uctounuk 3/(C,
R — compoTuBieHNe ey MUTaHUS.

OO11iee ypaBHEHHUE ABHYKCHHUS JKHIKOM CMa3KH B 3JICKTPOMArHUTHOM I10JIE
umeert BuJ [6]:

p{%+(V-V)-V}=—Vp+nVZV+u<jxH),

r7ie p — IUIOTHOCTh CMa3KH, V — CKOPOCTh T€UEHHUS CMa3KU (CKOPOCTh JIBUXKEHUS
KOHTAKTHOM BCTaBKHM), P — [aBJICHUE MEXKJYy KOHTAKTHOM BCTaBKOM W
KOHTAKTHBIM TIPOBOJIOM, 1| - TUHAMHYECKAsl BS3KOCTh CMa3KH, | — IUIOTHOCTH
TOKa B KOHTaKTe, H — Hanps;>KeHHOCTh MarHUTHOTO TMOJISl B 30HE KOHTAKTA.
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Ecnu paccmaTpuBarh CTaMOHAPHYIO IUIOCKOMApaIEIbHYIO 3aJady, TO
ypaBHEHHE TAHHOE YPAaBHEHUE JABUKEHUSI KUIKON CMa3KH MPUBEACTCS K BUAY:

—Vp+nVV+u(jxH) =0

YpaBHEHMS U1 TUIOCKOTO IMOTPAHUYHOIO CJIOS YPaBHEHHMS MAarHUTHOUW
TUAPOJAMHAMUKY OYyT UMETh BU:

ou ou
—+—=0,
ox oy
10 ou o
O=———p+v—2——u2uH§,
pox oy° p
30ecb U — MOpOJOJIbHAs COCTaBIIAIOIIAs BEKTOpPA CKOPOCTH, Vv - MarHUTHas
BSAI3KOCTh CMa304HOIO CJI0sl, G - YyAEJbHas MOPOBOAUMOCTb CMa3Ku, L -
a0CoJIFOTHAsE MarHWTHAsA IIPOHUIIAEMOCTh CMa3KH, H, - HaOpsKEHHOCTH

MarautHoro 1oJd B 30He CK.
ITocnennee ypaBHEHUE JBUXKEHUSI MOMKHO MIPUBECTU K BUTY:
0 o%u
0P, 0
OX oy
e jy— INIOTHOCTh TOKa B KOHTaKkTe, B — MarautHas nunaykmnus B CK.
Pacnpenenenue ciiosi cMa3ku BbIpakaeTcs B BUJIe GYHKIIMH OT KOOPAUHATHI X:

- ijOl (1)

h(x) =h, —kXx )

rae k= (h,—h)/b b - IIIUPHUHA TOKOBOW BCTABKHU.

BCTaBKH ! BCTaBKU

Ecoun mpenebpeur BTOpocTeneHHBIMU d(deKTaMu, TO BBIpaXKEHUE IS
BAX CK MOXHO 3anucaTh Kak

I, =o(E, +UB),
jX = O-EX7
jz = G(Ez _UBy)'
6jy
Teneps u3 paBenctBa V-j=0 u h<<k, u j,>>j; cnenyer, 4ro o ~0 U Jy
SBIIICTCSL TIO CYHIECTBY TOJIbKO (yHKIMEH Z u X. Bemmumna By He sBisercs
MIOCTOSTHHOM, a sBJsieTcs (PyHKIUEH Toka U KOOPHHATHI X.
VYpaBuenne (1) HEBO3MOXXHO TPOUHTETPUPOBATH AHAIATHICCKH, W

MPUOIMKEHHOE PENICHUE MOXKHO MOJYYUTh TOJBKO JISi OUY€Hb OONBIIUX WU
O4YeHb MaJIbIX urcen ['apTmana [7]

2,2
BSh o
M2-01_ 2)
n
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JI71st paccMaTpUBaeMOro cirydas dncio I'aprmana nmeer mopsizok 107 [6],
CJIeIOBATEIbHO, MPUOIMHKEHHOE PEIICHUE MOKHO MOJYYUTh B aHATUTHYECKOM
Buge. Kpome Toro, wmamoe 3HaueHue umcna [apTMaHa mpeamoaraet
CYIIECTBEHHOE YMPOIICHUE 33/Jaud: CYMMapHOE CHJIOBOE TOJIE OMpEeaesieTcs
CyHEpIIO3ULMEN BO3JEUCTBUN THAPOJAUHAMHUYECKOIO M DJIEKTPOMArHUTHOIO
OJIsI.

VYpaBaenune (1) MOXHO TPOMHTETPUPOBATH, HCIOIB3Ys TpPaHUYHBIC
ycnosust: Y=0 npu U=V u y=h npu u=0.

o LB )+ (1Y), (4)

BennunHa yaenbHOM TPOBOAMMOCTH MOXET OBITH OMNpeaelieHa U3
3aBHCHMOCTH, TpeACTaBlieHHOM Ha Puc.2 [8] mnma cooTBeTcTBYIOIICH
TEeMIIEPaTyphl JIIEMEHTOB CKOJIB3SIIIIEr0 KOHTAKTA.

Pacxon cMa3ku MOKHO BBIPa3uTh Yepe3 MHTETPa CKOPOCTH IO TOJIIIMHE
CMa3KH.

h
h3  op Vh
—fudy=-2 (P _jp)-1 5
Qly 12u6xy°)2 ®)
ox10,
(Omxcm)?t
8_
6
ak
2_
0_
40 20 0 20 40 e 8 10 T

Puc. 2. 3aBucumMocts yaensHoM mpoBoaumoctd M0oS; ot Temneparypsl

Ucnonb3ys rpaHudHbie YyCIOBUSA [9] MOXHO HaWTH pacnpeaesieHue
JTaBJICHHUS ;
“Q V X
p= —12uJ‘(F—W)dx+ BOJ jyox. (6)
0 0

N3 3akoHa Oma MOKHO OIpCACIUTb pacCIpCaACICHNUC IINIOTHOCTH TOKA, OHA
BBIPA3HUTCA 4YCPC3 HAIIPAKCHHOCTDb JJICKTPHUYCCKOI'O IIOJIAI M CKOPOCTh TCUCHUA.
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HCpGXOI{HOG MNaacHUEC HAIIPSKCHUA B CJIIOC CMA3KU ONPCACIIACTCA CIACAYIONIUM
COOTHOILLICHUECM.

h
AU :—J'Eydy (7)
0

[lepexoaHoe nmajeHne HAMPsDKEHUs B Touke Y=0 10omKHO paBHATHCS 0.
WuTerpupyst BelpakeHue AJi MIOTHOCTHU ToKa (3):

h h
jyhchEydy—cBOIudy (8)
0 0

", UCIIOJIb3Ys BBIPAXKCHHC IJIA paCXolda CMa3KHU, MOXKXHO OIIPCACIUTD INIOTHOCTDH
TOKaA.

i, =1 (B, Q+AU). )
Hcnonb3ys Bropoe rpannyHoe yeinoBue P=0 npu X=Dyerapn
bchBKn Q V bBCTdBKI/I
Oz—lZu g) F-w)dX'F BO (J.)Jydx (10)

[lonHbIl TOK onpeaAcCsICTCA COOTHOICHHUCM

BCTaBKH

= [j dx. (11)

N3 Boipaxenus (10) MOXKHO ONPEAEIUTh PACX0] CMA3KHU:

" EO HVENE
Q=—=—|V+ % 0 (12)
(hoj T
h, 1
Torna nepexoHOE NaJIcHUE HAPSIKEHUSI PaBHO
KI
AU =— +B,Q|. (13)
cln-*
1
Pacnpenenenne mioTHOCTH TOKA MO MOBEPXHOCTH BCTABKH UMEET BU/I:
kI 1
TR (14)
In-——=
h,
Jlnst yno6cTBa 3anucu BBOAUTCS KO3 puuueHt f3:
kh,B,I
p= oL (15)
6nV
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P&CHpCI{GHCHI/Ie OTHOCHUTCJIBHOI'O  JaBJICHUA  MCIKOY BCTAaBKOM U
KOHTAKTHBIM ITPOBOJAOM MMCECT BUJ:

ho 2 ho ho 2
h h [h(x)j e (h<x)J B
LI RYCL LS N Y L . (16)

h(x) h, hi 2_1 In "o hi 2_1

Hecymass cnocodnocts MI'JI-ciios B OTHOCHUTENBHBIX €IUHUIIAX
ONpPEAEsETCS UHTETPAJIOM OT JABJICHUS MO JIJIMHE BCTABKHU:

p(x) =

c 6]

N3 ananuza BoipakeHus (17) MOXKHO MPEUIOKUTH ONTUMAJIbHBIN CIIOCO0
YMEHBIICHUS] U30BITOYHOTO JIaBJICHUS TOJI BCTaBKOM, KOTOPBIM 3aKiIt04yaeTcs B

CO6JIIOI[€HI/II/I PaBCHCTBA!:

by, (18)

hy

[Ipy TakoM codeTaHWM HE BO3HHUKAET W30BITOYHOTO IABICHUS MEXKIY
BCTaBKOW U KOHTaKTHBIM MPOBOJOM. [Ipu oTkimoHeHuun ot cootHouienus (18) B
OOJBIIYI0 CTOPOHY HAOMIOAAETCS  yBEJIMYEHUE TMEPEXOJHOTO  MaJACHUS
HANPSDKEHUSI, W, CIIEIOBATEIbHO OJIIEKTPUUECKHX TOTeph B KOHTakTe. [lpum
OTKJIOHEHWU B 00JIaCTh HU3KUX 3HAYCHUN BO3HUKAET IMPOIECC KABUTALUU U
yBEJIMUMBAIOTCS MexaHnueckue norepu B CK.

[IpakTuyeckn yka3zaHHOE COOTHOIIEHHE JIOCTHUTAeTCA JMOO MOA00pOM
JaBJICHUS Ha AUCYIb()HUIHYI0O BCTaBKy, MO0 Bapuwalueld €€ KOHTAKTHOM
MTOBEPXHOCTH.

[IpaBOMEPHOCTH BBIABHHYTON THIOTE3bl MOKHO KOCBEHHO MPOBEPUTH,
uccienys Takyro xapaktepuctuky CK, kak HM3HOC BCTaBKM WM HUCCIENys
MEPEXOHOE MaICHNE HATIPSHKCHHS B KOHTAKTE.

J7ist mpoBeIeHUs KCIIEPUMEHTA TI0 HAXO0XKACHUIO ONTUMATBHBIX YCIOBUN
pabotel aucynbduma mMonubaeHa ObUT CO37aH CTEHJ Ha 0aze aCMHXPOHHOM
MamuHe ¢ (aszaeim potopom AK-52 (AJl) momHOcTRIO 4,5 KBT. 3mech
KOHTaKTHBIN TPOBOJ] IMUTHPOBAJICS KOHTAKTHBIM KOJIBIIOM, TOKOBAsl BCTaBKa —
TOKOBEIYIIUMH IeTKaMu Mapku MI'-4 (KOHTakTHas IUIOMIAab METKH S,=1,6
cM’, naBiIcHHE Ha meTky  Pp=400 F/CMZ), nucynbGuIHas BCTaBKa —
JOTOJIHUTENIbHOM — IIETKOM U3 nucyiabpuaa MonudaeHa. JlaBiaeHue Ha
JONOJHUTENbHYIO IIETKY BapbHUpPOBAJIOCh IO CIEAYIOUIMM YPOBHAM: P
=100 r/cm?, 250 r/cm?, 400 r/cm?. Thiomans KOHTAKTUPOBAHHUS JOIOIHUTEILHOM
mertku coctasmsaa Sy = 0,4 cM?, 0,8 eM®, 1,2 em”. D10 coctaBmsiio 25 %, 50 %
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1 75 % KOHTAaKTHOW MOBEPXHOCTH TOKOBEIYIIEH IETKU. DKCIIEPUMEHT TPUKIbI
nyOnupoBancs. BeanunHbl H3HOCA ONPEEsUINCh CTPENIOYHBIM UHIUKATOPOM C
YTOYHEHHUEM TIPU IIOMOIIM B3BEIIMBAaHHUS HA aHAIUTUYECKUX Becax. llpwm
peanu3aluu JaHHOTO SKCIEPUMEHTa B TEYEHHE JABAJALATH YacOB IOJy4YeHa
MaTeMaTH4ecKasi MOJIE]Ib U3HOCA B OTHOCUTEIbHBIX €IMHUIIAX:

I, =0.026+0.0086-S 7y +0.0114- E(ZI[) +0.015-S (19)

2
h ()

I'paduaeckas mHTEpHIpETAIUS TTOJYYCHHOTO TOJMHOMA TIPE/ICTABIICHA Ha
Puc. 3.

F0.06
007 e - {0085

- q0.05

0.045

0.04

0.035

0.03

0.025

Puc. 3. I'padmueckas uHTEpIIpeTaIus MOJIMHOMA W3HOCcA meTkn MI'-4

MuHMMYM H3HOCA [IETKH HAOJIOalICs B TOUKe, B KoTopoid MI'J]-cuia pasHsiiacs 0.
Jlnst paccMaTpHBaeMOM CHCTEMBI 3T0 cocTapsieT Sqp(min)=0,9 cm?, PgnMin)=150 r/eMP.

B 3akmiouenue cnegyer ckasaTh, YTO TPUMEHEHHE JUCYIb(puaa
MonuoOaeHa Ha ykazaHHoi CCT A/l mpu OonNTUMAIbHBIX COYCTAHUSX JIABICHUS
Ha JIOTIOJIHUTEIIbHYIO IMIETKY U €€ KOHTAKTHOM IUIOMIAJAN MO3BOJISIET YMEHBIIHUTD
W3HOC paboynx meTok B 1,7-2 paza [10-15].

BriBoabI

[Ipu wucnonp30BaHMKM TBEPABIX CMa30K Ha OCHOBE JucCyibpuaa
MOJMOJEHAa  3HAYMUTEJbHO  YMEHBIIAETCS  M3HOC  TOKOBBIX  BCTaBOK,
3HAUYMUTENIbHBIA BKJIaJ B HaOmogaeMblid 3Q(eKT Aenaer 3IeKTpUYEcKoe IMoJie,
OPUEHTHPYIOIIEe KPUCTAIIBI B TAKOM HAIMpaBICHUH, YTO TPEHUE CTaHOBUTCS
MAarHUTOTUAPOJUHAMUYECKUM.
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Pemienue ypaBHEHUNM MAarHUTOTMAPOAMHAMUKU IJIsi CMAa304HOIO Cl10s
[I03BOJISICT BBIABUTH ONTHMAaJIbHOE 3HAYEHUE TOJILMHBI CMa304YHOIO CIIOS.
Teopernueckoe pelleHHE 3a4a4d XOPOILIO COBIALAET C DKCIIEPUMEHTAIbHBIMU
NAaHHBIMU. [l KOHKPETHOM KOHTAaKTHOW Hapbl ONPEAEIEHBl COYETAHUS
JNABJIICHU M IUIOWIAAM  KOHTAaKTUPOBAHUS  JIONOJHUTEIBHOW  IIETKH,
UMUTUPYIOIIEH JUCYNbPUAHYIO BCTaBKY, OOECHEYMBAIONINE ONTUMAIBHYIO
BEJIMYUHY CMa304HOIO CJIOA.

ABTOPBI 3aSIBJAIOT YTO:
1. V HuX HeT KOH(]IUKTa UHTEPECOB;
2. Hacrosmas ctaTes HE COACPKUT KAKUX-TMOO MCCIEAOBAHUN C ydyacTUEM JIOJCH WIn
’KHBOTHBIX B KaUeCTBE 00BEKTOB HCCIIEAOBAHUIA.
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STUDY ON HEAT EXCHANGE OF DIFFERENT VENTILATION
STRUCTURES OF ASYNCHRONOUS TRACTION MOTOR
FOR HIGH SPEED EMU

Background: Aiming at the problems of high local temperature and uneven
temperature distribution in asynchronous traction motor of high-speed Electric Multiple Unit
(EMU) when it is running.

Aim: In this paper, the influence of ventilation system with different structure on
temperature distribution is studied.

Methods: Taking 600 kW asynchronous traction motor as an example, the
electromagnetic-fluid-temperature analysis model of the traction motor is established, and the
temperature values of different positions in the motor are obtained.

The accuracy of the calculation results is verified by comparing with the actual
measurement.

On this basis, by adjusting the structure of stator and rotor axial ventilation holes, the
relationship between temperature distribution and fluid flow state in motor is studied.

In addition, the influence of fluid incidence angle on fluid velocity and heat dissipation
performance of motor is also studied, and the ventilation structure scheme with relative
balance of axial and circumferential temperature in motor is found out, which provides a
reference strategy for the design of temperature rise of motor with forced ventilation structure.

Results: The wind speed near the intake side of stator teeth and rotor teeth groove is
less than that far from the intake side. The flow distribution trend of rotor vent is similar to
that of stator vent, but the air in the groove is affected by centrifugal force of rotor rotation,
which makes the wind speed difference on the intake side larger than that on the outlet side.

The stator winding and rotor guide bar are affected by wind temperature to reach the
maximum temperature at the end of the outlet respectively. The stator core is higher at the
windward side and the leeward side than the other parts of the motor. The heat dissipation
effect at both ends is good.

The highest temperature of the stator core appears near the leeward side.

Key Words: Traction Motor, Ventilation System, Fluid Flow State.
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1. INTRODUCTION

The traction motor in the traction drive system is one of the core
components of high-speed train and EMU. Its performance determines the
quality of train power and is directly related to the safety of high-speed railway
operation. Because of the limited space for motor placement in high-speed train,
the high power density of motor and its large heat load, the motor heats
seriously, which affects the service life of motor and the safety of train
operation. At present, motor temperature control is the biggest bottleneck in the
development of traction motor, the high ambient temperature makes the air
intake temperature high; the air intake is blocked by debris, which makes the air
intake not smooth, resulting in small air intake; the excessive dust inside the
motor affects heat dissipation; the fan damage causes no wind or small air
volume; the unreasonable ventilation structure makes the short circuit of the air
circuit and so on will cause the motor to heat dissipation and increase
temperature. If the motor works at the highest allowable temperature for a long
time, it will accelerate insulation aging and eventually burn down the motor.
Therefore, accurate calculation of the internal temperature of the motor is of
great significance for improving the ventilation structure of the motor.

Many scholars have studied the fluid-structure coupling calculation of
temperature-fluid. Dae G.K. establishes a three-dimensional coupling model of
traction motor to solve the problem of heat dissipation caused by the closed
structure of traction motor. The flow rate of cooling medium in the original
model is analyzed. The cooling performance of traction motor is improved by
changing its ventilation and cooling structure [1]. Mugglestone J. et al. used
CFD software to simulate the flow field and heat transfer process in the stator
end region of an air-cooled induction motor. The results show that the
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circulating current is generated at the stator end winding side and the local heat
transfer coefficient is estimated. The results show that the spatial variation of the
fluid is correct [2]. Mayle E.R. et al. put forward an analysis method considering
the rotating state of gas between stator and rotor of turbogenerator. This analysis
also takes into account the changes of flow rate, angular momentum and static
pressure in the incident region of cooling gas. Simple calculation shows that the
average tangential velocity of this rotating gas flow is different from that of
taking it as half of the rotating speed of the rotor. By comparison, the former is
found to be more practical [3]. Xiaolong Lu analyzed the transient and steady-
state temperature field of rotary ultrasonic motor by finite element method, and
simulated the ultrasonic motor with different sizes. It was found that the
temperature distribution of different types of motor had different inhomogeneity,
and the time needed to achieve thermal stability was also different. However, the
highest temperature point of the motor was located at the interface between the
stator and the rotor, and passed through the simulation. Experiments verify the
accuracy of the calculation method [4].

In this paper, the finite volume method in numerical algorithm is used to
establish the three-dimensional global model of the motor. The air flow and
temperature distribution in the motor are analyzed accurately by fluid-solid
coupling, and the ventilation structure is improved accordingly.

2. ESTABLISHMENT OF MOTOR MODEL AND ANALYSIS
OF FLUID COMPUTATION

2.1. Establishment of fluid-temperature model for traction motor

The traction motor of 600 kW high-speed train studied in this paper
adopts axial ventilation cooling structure, and its basic rated parameters are
shown in Table 1.

Table 1. Basic parameters of traction motor for high-speed train

Motor parameters Value
Rated power/kW 600
Rated voltage/V 2730
Rated current/A 155

frequency/Hz 155.55
efficiency 94 %

Stator length/mm 270

Stator Dia/mm 555

In this paper, the motor adopts an open-circuit cooling axial ventilation
mode, which is divided into three channels for ventilation, one way into the
stator ventilation ditch, one way into the air gap between the stator and the rotor,
one way into the rotor ventilation ditch. Fig. 1 is a schematic diagram of the
ventilation structure of the motor. The direction indicated by the arrow is the
direction of fluid flow in the motor.
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Fig. 1. Ventilation structure of traction motor for high-speed train

On this basis, in order to reasonably solve the fluid-structure coupling model of the
motor, the basic assumptions are as follows.

(1) The Reynolds coefficient of air-fluid in the motor is larger than 2300, so there is
turbulence in the motor, and the flow pattern of the fluid belongs to turbulence.

(2) Because of the small influence of buoyancy and gravity on the fluid flow in the
motor under standard atmospheric pressure, it is neglected.

(3) The compressibility of gas is related to ambient temperature and external pressure.
Whether the density change can be neglected depends on the Mach number of gas flow.
Because the velocity of fluid flow in motor is less than that of sound, the fluid is treated as
incompressible fluid [5].

(4) Winding insulation varnish uniformly.

(5) It is concluded that slot wedge and slot insulation are the same width and have the
same insulation properties.

(6) In this paper, the steady flow state of fluid in the steady state of motor is studied,
so the solving equation does not contain time variable [6].

(7) Assuming that the heat source density is evenly distributed in all parts of the
motor [7].

The structure diagram of the motor is obtained as shown in Fig. 2.

Intlet

Windings
End cap

Outlet
Shaft

Rotor Ventilation

Hole
Bar

Winding
end

’ Windi
Rotor pressure Stator ding
end
plate vent

Fig. 2. Solving Domain Internal Structure Diagram

Received: 15.05.2019 Revised: 12.06.2019 Accepted: 15.07.2019
e #: 15.05.2019 #ikHE: 12.06.2019 XH: 15.07.2019



20 TPAHCHOPTHBIE CUCTEMbI U TEXHOJIOT'HH OPUI'MHAJIBHBIE CTATbH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

The loss of each part of the motor is obtained by the calculation and
analysis of the electromagnetic field and the actual measurement results as
shown in Table 2.

Table 2. Distribution Table of Motor Loss under Load

Loss (kW)
Winding 5.814
Stator tooth 2.667
Stator yoke 5.825
Rotor guide bar 3.900
Additional loss 3.159

According to the characteristics of the solution domain, the following boundary
conditions are listed.

(1) The entrance boundary condition is velocity entrance, and the entrance velocity is
25.5 mf/s.
(2) The solid surfaces in contact with air are all set as non-slip boundary conditions.

(3) The air inside the rotor is a rotating flow field, and the stator air is simulated as a
static state.

(4) The boundary condition of outlet is pressure outlet, and the initial pressure is one
atmospheric pressure.

(5) According to the given losses, the heat sources of stator winding, stator yoke, stator
teeth, rotor core and rotor guide bar are assigned respectively [8].

2.2.  Analysis and experimental verification of calculation results of fluid-
temperature field of traction motor

Fig. 3(a) shows the overall fluid flow state near the intake side, and
Fig. 3(b) shows the overall fluid flow state far from the intake side. The flow
vector diagram of the intake part is intercepted and enlarged, and the flow
direction of the two parts above the intake and outlet cavity is analyzed
respectively.
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Fig. 3. Vector Chart of Fluid Velocity in Radial Section of Motor
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The fluid trace of stator vent is shown in Fig. 4. It can be seen that the
eddy current around the vent of stator vent is uniformly distributed in the
bending part of stator winding end.
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Fig. 4. Fluid Trace of Stator Ventilation Hole

According to the calculation of motor fluid, the temperature distribution
of the motor is obtained. Fig. 5 shows the three-dimensional temperature
distribution cloud of the whole motor. According to the results shown in the
graph, the highest surface temperature of the stator core is about 117 °C. It
appears near the outlet side of the axis center and transfers heat to the two ends
of the shell. As the axial position moves toward the outlet, the closer the
temperature is to the core part, the higher the temperature is. Because the fluid
convection heat transfer between the core section and the heat source inside the
motor, the overall air temperature at the outlet is higher than that at the inlet,
which results in the temperature of the inlet casing being about 30 degrees lower
than that of the outlet casing. The highest temperature in the motor is 217 °C,
which appears on the end ring of the rotor in the air outlet chamber.
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Fig. 5. Overall Temperature Distribution Cloud of Motor
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In order to better study the internal temperature of the motor, the
temperature of the central surface of the motor shaft is intercepted for analysis
[9], as shown in Fig. 6. The temperature distribution of the stator winding is
more uniform along the axis. The temperature distribution of the stator winding
near the intake side is lower than that far away from the intake side. The
temperature of the rotor guide bar is the highest in the whole section, and its
temperature value is 159 °C. The heat transfer process of the stator part is that
the stator winding is transferred to the slot insulation, and then to the given teeth
and yoke of the stator. The heat transfer process of the rotor part is that the rotor
guide bar is transferred to the core of the rotor, and then to the rotating shaft.

Under the rated condition of stable operation of the motor, the
temperature at the yoke of the motor shaft center opposite the intake port near
the root of the stator teeth was collected by embedding a temperature sensor.
The temperature value was 110°C, and the calculated value of the
corresponding position was 111.92 °C.

At the same time, static and dynamic pressure experiments were carried
out inside the intake. The results show that the measured static pressure is
1906 Pa, the calculated value of corresponding position is 1810 Pa, and the
measured dynamic pressure is 727 Pa, and the calculated value of corresponding
position is 697 Pa.
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Fig. 6. Cloud Map of Temperature Distribution in the Center Section of Motor Shaft

By comparing the calculated and measured values of temperature, static
pressure and dynamic pressure, it can be seen that the error between the
calculated and experimental values of temperature is 1.7 %, the relative error of
static pressure is 5.0 %, and the relative error of dynamic pressure is 4.1 %. The
experimental results show that the model is consistent with the actual situation
and the accuracy of the calculation method used.
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3. FLUID AND TEMPERATURE FIELDS OF MOTORS WITH
DIFFERENT VENTILATION STRUCTURES

Although the highest temperature occurs at the end ring of the rotor, the
high temperature resistance of the rotor is strong, and the temperature rise of
stator insulation is limited. In this paper, aiming at reducing the temperature rise
of stator winding, the ventilation structure is improved, and the influence of the
position of stator ventilation hole on the fluid and temperature field of the motor
Is studied. On the basis of this, the best scheme is selected. Then, the change of
the inlet fluid incidence angle on the motor is studied. The influence of fluid
field on internal temperature field.

3.1. Effect of Radial Position of Stator Ventilation Hole on Motor Fluid
and Temperature

According to the fluid and temperature distribution characteristics of the
original model, three schemes are proposed to adjust the radial position of the
stator ventilation holes without changing the other structures of the motor,
respectively, as shown in Fig. 7. The original model stator ventilation ditch is
located at 0.2575 m of the core radial position. The three schemes set the
ventilation holes at 0.247 m, 0.237 m and 0.227 m of the core radial position
respectively.

0.247m —»

(a) (b) (©)

Fig. 7. Drawing of the position of ventilation holes in three schemes

According to the order of the number of ventilation holes, the stator
ventilation holes are named, and the flow rate at the entrance of each ventilation
hole is intercepted for comparative analysis. Fig. 8 shows the flow distribution
of each vent in three schemes.
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Fig. 8. Circumferential Inlet Flow Distribution of Stator Ventilation Hole
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The air flow distribution trends of the three schemes are basically the
same. Unlike the original model, the flow distribution of the three schemes is
positive to the intake and the flow near one side is larger than that far from the
other side. Changing the position of the vent has no effect on the flow rate of the
vent far from the intake side, but increases the flow rate near the intake side.

According to the temperature distribution of the stator winding of the
original model, the stator winding with the highest temperature value is
intercepted for analysis [10]. From the observation of Fig. 10, it can be seen that
the three schemes have the same temperature rising trend and the same position
of the highest point, all occurring at the axial length of 0.017 m. The highest
temperature along the axis of the first scheme is 146 °C, the highest temperature
in the second scheme is 143 °C, the highest temperature in the third scheme is
135 °C, and the highest temperature along the axis of the original model is
147 °C. It can be seen that the ventilation and heat dissipation effect of the three
pairs of stator windings is relatively optimal, and the temperature of the highest
temperature point is 12 °C less than that of the original model.
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Fig. 9. Temperature profile of the stator winding along the axial direction

Select stator teeth that are facing air inlet and away from one side to analyze
temperature change of tooth along axial direction.
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Fig. 10. Temperature Change Diagram of Stator Tooth along Axis

The maps show that the change trend of tooth temperature of the three
schemes is the same as that of the original model. The maximum temperature of
the tooth top of the original model is 176.73 °C, the maximum temperature of
the tooth top 1/2 is 182.76 °C, and the maximum temperature of the tooth root is
179.38 °C. In the first scheme, the maximum temperature of the top of the tooth
is 130.57°C, the maximum temperature of the top 1/2 is 139.29 °C, and the
maximum temperature of the root is 130.28°C. The maximum temperature of the
second tooth top is 125.41°C, the maximum temperature of the top 1/2 is
135.52 °C, and the maximum temperature of the root is 125.59 °C. The
maximum temperature at the top of the third tooth is 125.36 °C, 124.95 °C at the
top 1/2 and 119.58 °C at the root of the third tooth.
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3.2. Effect of different incident angles of fluid on fluid and temperature of
motor

On the basis of the above, the influence of the inclined angle and direction
of the intake port on the fluid and temperature field of the motor is studied, and
a scheme is put forward [11].

Table 3. A Scheme of Changing the Inclination Angle of the Inclination Direction of the Inlet
Scheme 1 2 3 4

Inclination
direction stator stator cap cap
Inclination 50 10° 5o 100
angle

The nomenclature of stator ventilation holes is consistent with the basic
model. According to the order of ventilation holes, the entrance flow of each
ventilation hole is intercepted and analyzed separately, as shown in Fig. 11.

‘ ® Foundation model ® Scheme 1 4 Scheme 2 ¥ Scheme 3 @ Scheme 4‘
11.0 -

10.0- f
o, :

9.0

Flow(g/s)

0 10 20 30 40 30

Ventilation hole serial number

Fig. 11. Contrast Chart of Inlet Flow of Stator Ventilation Hole

From Fig. 11, it can be seen that changing the inclined direction and angle
of the intake has little effect on the flow distribution of stator vents. The flow
rate of the intake orifice is more than that of the basic model. The flow rate of
the No. 1 vent is 0.14 g/s higher than that of the original model, but the flow rate
of No. 8, No. 9, No. 10, No. 42 and No. 43 is lower than that of other schemes.
The flow rate of No. 26 vent and other schemes is higher than that of the
original model. Similarly, the flow rate near the No. 26 vent increased.

3.3. Contrastive Study on Temperature Field of Motor
Through fluid-solid coupling calculation, the temperature distribution
inside the motor under each scheme is obtained.
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Table 1. Temperature Distribution in Motor

°C Winding Stator yoke Stator tooth Slot insulation
Original 146.67 137.68 145.57 148.35
Scheme 1 128.07 119.42 126.7 129.38
Scheme 2 127.59 119.21 126.42 129.09
Scheme 3 125.52 118.34 125.24 127.7
Scheme 4 129.38 120.27 127.38 130.15

By comparing the stator windings of the above schemes, it can be seen
that the stator winding temperature of scheme 3 is the lowest in all schemes,
which is 4.73 °C lower than the basic model and 21.15 lower than the original
model. The four schemes have the same temperature at the stator yoke and the
tooth. The temperature value of the three yokes of the scheme is 2.02 °C lower
than that of the basic model, and the temperature value of the tooth is 2.93 °C
lower than that of the basic model. The insulation temperature of the observation
tank shows that the temperature values of scheme 1 and scheme 2 are very close.
The difference between scheme 4 and the basic model is very small. Scheme 3
has the lowest temperature, which is 3.27 °C lower than that of the basic model
and 20.65 °C lower than that of the original model. The temperature of each
scheme in the core part of the rotor is similar, of which scheme 4 has the lowest
temperature and scheme 3 has the highest temperature, and its temperature value
is close to the basic model. Therefore, from the angle of reducing the
temperature rise of stator winding, the third scheme is the best choice.

4. CONCLUSION

The research work and results of this paper are as follows.

1) The wind speed near the intake side of stator teeth and rotor teeth
groove is less than that far from the intake side. The flow distribution trend of
rotor vent is similar to that of stator vent, but the air in the groove is affected by
centrifugal force of rotor rotation, which makes the wind speed difference on the
intake side larger than that on the outlet side.

2) The stator winding and rotor guide bar are affected by wind
temperature to reach the maximum temperature at the end of the outlet
respectively. The stator core is higher at the windward side and the leeward side
than the other parts of the motor. The heat dissipation effect at both ends is
good. The highest temperature of the stator core appears near the leeward side.
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2. The present article does not contain any researches with people involved as
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WuctutyT Qusuku tBepaoro tena PAH
(UepHoroaoBka, MockoBckas 00i1., Poccus)

MHOT' OCJIOMHAS CBEPXITPOBOJIAIIAS JIEHTA
CIIJIABA Nb50Ti, HOJTYYEHHAS U3 KOMITIO3UTA Cu/Nb/Ti
TBEPJO®A3ZHBIM CIIOCOBOM

Hean: Co3nanue MHOTOCIOWHOW CBEPXIPOBOAIICH JIEHTHI M3 HUOOWN-TUTAHOBOTO
CIIIaBa.

Metoabi: Metogamu 1ud@dy3noHHONW CBapKHM W MAKETHOM MpPOKAaTKU 3a JIBa LIKKJA
W3TOTOBIICHBI OIBITHBIE 00pa3Ibl MHOTOCJIOHHON JIEHTHI Ha OCHOBE CBEPXITPOBOJISIIETO
criaBa Nb—50%Ti. B kauecTBe crabuiin3aTopa CBEpXIPOBOISIIETO COCTOSHUS TPOBOTHUKA
WCIIONb30Baslack Meab. Ha HawambHOM J3Tame w3 (oapr HUOOMS W TUTaHA COOMpaCs
MHorocsoiubii maker Nb/Ti. Meanbie cTaOMIM3UPYIONIUE CIOU 3aKJIaIbIBAIKCh B MAKET BO
2-M 1UKJIE W3TOTOBJIEHUS JIEHThl. B3aumopneiicTBue Mexay HHOOMEM U THUTAaHOM
MIPOKMCXOMIIO, B OCHOBHOM, 32 cueT Auddy3ur HIOOUs B CJIOU TUTaHA C 00pa30BaHWEM Ha UX
mecte crutaBa Nb—-50%Ti.

PesyabTarnl: l3MepeHus KpUTHYECKOTO TOkKa |c Tmpu mapamuienbHOW W
MEPIEeHIUKYIAPHON OpPUEHTAMd MAarHUTHOTO TOJSi OTHOCHUTENbHO IUIOCKOCTH CIIOEB B
KOMIIO3UTE TMOKa3alu OOJbIIYyI0 aHU30TPONHUI0 lc, 4TO OBUIO pe3ynbTaTOM 3aKperieHUsS
CBEPXIPOBOISAIINX BUXpEH mpermMyiiecTBeHHO Ha rpanunax NbTi-crmaa u Nb-tBepmoro
pactBopa. B 1enoM KoMmo3uT ObL1 criocoOeH MPOBOAMUTH OOJBIION ANEKTPUYECKHIl TOK B
MarHUTHbIX TONsAX 5—6 Tecna 0e3 UIMTEIBLHOTO HU3KOTEMIEPATypHOTO OTKHUTa IS
BBINIAJICHUS 0-(a3bl, KOTOPBIH HEOOXOIUM B ciaydae KOMIIO3UTOB M3 HHOOUI-TUTaHOBBIX
CIUIaBOB, MOJy4aeMbIX IO MU3BECTHOM TEXHOJOTHUHU.

Kniwouesvie cnosa: cBepXmpoBoOsIiias JIEHTa, MHOTOCIOWHBIA KOMIO3UT, cruiaB Nb—
Ti, tBepmodasueiii crocoO, B3auMHas Aud(y3us, MaKeTHas MPOKATKa, KPUTUYESCKUH TOK,
CBEPXIPOBOISIIIUIN BUXPb, THHHUHT.
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Rubric 2: SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field “Condensed matter physics”

© Valery P. Korzhov, Vladimir N. Zverev
Institute of Solid State Physics, Russian Academy of Sciences
(Chernogolovka, Moscow Oblast, Russia)

MULTILAYER SUPERCONDUCTING Nb50Ti ALLOY TAPE,
OBTAINED FROM THE COMPOSITE Cu/Nb/Ti
THROUGH SOLID-PHASE METHOD

Aim: Creation of multilayer superconducting tape made of Nb-Ti alloy.

Methods: Using the methods of diffusion welding and packet rolling, for two cycles
the prototypes of a multilayer tape based on a superconducting Nb-50% Ti alloy were made.
Copper was used as a stabiliser of the superconducting state of the conductor. At the initial
stage, a multilayer Nb-Ti pack was assembled from niobium and titanium foils. Copper
stabilising layers were laid in the pack in the 2" cycle of tape manufacturing. The mutual
diffusion between the Nb- and Ti-layers took place generally at the expense of niobium
diffusing into the layers of titanium, with the Nb-50 % Ti alloy emerging in their place.

Results: Measurements of the critical current I, with a perpendicular and parallel
orientation of the magnetic field relative to the plane of the layers in the composite showed
large anisotropy of I, which was the result of the superconducting vortices fixing exclusively
at the boundaries of the Nb-Ti-alloy and the Nb-solid solution. In general, the composite was
capable of carrying large current in magnetic fields of 5-6 T without long-lasting low-
temperature annealing for a-phase deposition, which is necessary in the case of Nb-Ti alloy
composites produced by the known technology.

Keywords: superconducting tape, multilayer composite, Nb-Ti alloy, solid-phase
method, mutual diffusion, batch packet rolling, critical current, superconducting vortex,
pinning.

BBEJJEHUE

NHTEeHCUBHOCTh HMCCIEOBAHUNM CBEPXIPOBOASUIUMX CIUIABOB HHOOUIA-
TUTaH mnpuxonutcsa Ha nepuog 1960-1970-x romoB. B Te rompl mpobieme
cBepxnpoBoasmux cruraBoB BooOme u NbTi, B WacTHOCTH, TOCBSIIAIHCH
peryisipabie KoHpepeHnuuu, npoBoauMbie B UMET um. A.A. baitkoBa PAH.
Pa3Butre 3TUX UCCIENOBAaHUM MOXHO MPOCIEIUTHh B HU34AaBA€MbIX B TE€ TOJbI
cOOpHUKAxX CTaTel KOH(EPEHIH, a TaKKe IBYX COOpPHHMKAX CTaTed BEIyIIMX
HAay4YHBIX KOJUIEKTMBOB CTpaHbl MOJ pPEIakuueu wieH-koppecnonaeHra AH
CCCP E.M. Capunkoro u ero komer [1-7]. B CCCP 3Tu wuccnemoBaHus
BOIUIOTWJINCh B pa3pabOTKy MPOMBIIIJIEHHOM TEXHOJOTUU MOJy4YeHUSs
MHOTOXXWJIBHBIX CBEPXIPOBOASIINX MaTepuanoB Ha ocHoBe cruiaBa Nb—50Ti,
nepexusiien, yxe B XXI|-M Beke, cBoe HOBoe Bo3poxaeHue. Ho B Hacrosiiee
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BpEMsI HCCIIEIOBATEIIbCKHIE PA0OTHI 10 cBepXmpoBoasmuM cruiaBam NbTi moutu
HE BEIYyTCH.

Hccnenys uensii psa MHOIOCIOMHBIX MAaTEpPUAIOB, IIOIYyYaeMbIX C
MTOMOIIFI0 TTAKETHOH TMPOKATKH, HA MPEJAMET 3aBUCHUMOCTH MX MEXaHUYECKHX
CBOWMCTB OT TOJIIMHBI CJIOCB, HAMH OBLIM IOJYYEHBI KOMITO3UTHI HHOOHUS CO
ceepxnpoBoasmumu  cruraBamu Nb-31 u 50 wmac.%Ti — Nb/Nb31Ti u
Nb/Nb50Ti [8, 9]. Llenpro ObUIO U3MEPUTH KPUTHUYECKYIO IUIOTHOCTh TOKA | B
3apucuMocT  OT TommuHbl  ciaoeB  (Nb-Ti)-crutaBoB. Oxkazanoch, 4TO
3aBUCUMOCTh |c(t), Tie t — TonmuHa CJ0s CBEPXIPOBOJHUKA, MOAYUHSIACH
cooTHomeHn0 Xoyuia-Ilerya, eciaM TPOYHOCTH G 3aMEHUTh KPUTHYCCKOM
TUTOTHOCTBIO TOKA, a pa3Mep 3e€pHA — TOJITUHOW CBEPXIPOBOISIIECTO CIIOS.

Uro Kkacaercs CBEpPXIPOBOAUMOCTH BBIOPAHHBIX KOMIIO3UTOB, TO
M3BECTHO, YTO B CBEPXITPOBOJAHHMKAX 2-T'0 PoOjJa KpUTHUECKas IJIOTHOCTh TOKA |¢
3aBUCUT OT TOT'O, HACKOJIbKO 3((PEKTUBHO CBEPXIPOBOJSANINE BUXPU OYIyT
3aKpeIUIAThC Ha Je(eKTax CTPYKTYPBI, TO €CTh |¢ SIBISIETCS TaKOH K€, a MOKET
OBITh B OOJBINCH CTENEHU, KaK W TBEPJAOCTh WM MPOYHOCTH, CTPYKTYPHO-
3aBUCAIIEH  XapakTepuctukorl  Marepuana. B.B. IIImuar [10] npwm
TEOPETUYECKOM  PACCMOTPEHUM  B3aUMOJCUCTBUS  BUXPEHM €  IUJIOCKOM
MOBEPXHOCTBHIO  CBEPXIIPOBOJIHMKA TOKa3al, YTo Jaxke Oe3nedexTHbIe
CBEPXIMPOBOISIINE TUIACTHHBI ToimuHOM d >> A (A — rIyOuHA MPOHUKHOBEHUS
BHEITHETO MAarHUTHOTO TIOJII) B CMEIIAHHOM COCTOSIHUM CIOCOOHBI HECTH
sHaunTeNbHBIH TOK ~10° A/cm’. Terepb NpeICTAaBHM, YTO TOJNCTAs ILUIACTHHA
3aMeHeHa Ha0OpOM TOHKHUX CBEPXMPOBOMASIIMX IUIACTUH, HCKYCCTBEHHO
OTJIEJICHHBIX JAPYT OT Apyra clIOeM HOpPMallbHOTO MeTasuia. B aToM ciydae Tok
OyZeT Teub MO KaXJAOW U3 IUIACTHH, M B IIE€JIIOM [0 BCEMY CEUYCHUIO
MHOT'OCJIOHHOTO CBEPXIPOBOJAHUKA OyneT UATH OONbIIoi TOoK. VIMEHHO Takas
cuTyanus Oblla peajr30BaHa CHavajga B MHOTOCIOHHBIX Kommo3uTax CUu/Nb
[11], a morom Nb/NbTi [8, 9]. B mepBoM M3 HUX CIIOM M3 CBEPXIIPOBOIAIIETO
HUOOUSI Pa3AeNsUIUCh CIOSIMA HOpPMaIbHOM Meau. Pons HopManbHOTO MeTasuia
BO 2-M KOMIIO3UTE BBIMOIHSI HUOOMH, TaK KaK M3MEPEHUSI KPUTHIECKUX TOKOB
ceepxnpoBoasmux JieHT u3 (Nb—Ti)-crimaBoB mpoBogwimch B MarHUTHBIX
TMOJISIX, BO MHOT'O Pa3 MPEBBINIABIINX €r0 BTOPOE KPUTUUYECKOE MATHUTHOE TIOJIE.

JlokazateabCTBOM  3(PGEKTUBHOTO  3aKpEIICHUS  CBEPXIIPOBOIAIINX
BUXPEH Ha TPOTSKEHHBIX TPAHHUIIAX MEXKIY CIOSIMH HUOOWS M MEAW WA
cnossmu HuoOwWst m crutaBa Nb—Ti Obila aHM30TpOIUS |, W3MEPCHHAS MPH
napaenbHon (||) u meprneHnukyasipHO (L) OpHMEHTAnuMsAX IMIOCKOCTH CJIOCB
KOMIO3UTA U MAarHUTHOTO N0 Jof/jc;. B kommosute Nb/Cu jgfjc, = 410 B momax
0,5-0,6 T [11]. B Nb/NbTi B monsx 56,5 Tin aHu30TpONUs YBEIUYNBAIACH C
3—-5, mad KOMIIO3HUTOB CO CJIOSMH ToamuHoi ~140 ©vM, mo 235 i
KOMITO3UTHBIX JIEHT C TOJUIMHOW CJI0€B ~3 HM. B OTHENBHBIX XK€ Ciaydasx
OTHOIIEHUE j¢/jc; mpessimano 2000 [8, 9].
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B nmanHol paborte s modydeHus cBepxmpoBoaHuka u3 cruiaBa NbTI
npeajaraeTcsi 00XOAUThCS 0€3 HCMONb30BaHUSA IUIABMIIBHOTO  croco0a
TapHUCCAXKHOM IUIaBKM — JIOCTATOYHO JOPOTO0 U TPYAOSMKOTO MpOoIecca.
®opmuposanue cmaBa Nb-50%Ti Oyaer npoucxomuTs B mpolecce IBYX
[IUKJIOB, COCTOSAMIMX W3 IU(G(GY3UOHHOW CBApKU W TAKETHOH MPOKATKH, C
UCTIONIb30BaHueM Ha HadanbHOM dTtarne Nb/Ti-makeToB ¢ ¢oabramMu u3 4MCTHIX
METAaJUIOB.

Hano 3ameruTh, 4TO MNpOKATKa MAKETOB OKA3bIBACT IOJIOKUTEIBHOE
Biusinue Ha GopmuposBanue cinoss NbTi-cruiaBa. B mporiecce nmpokatku BHYTpU
CJIOMCTOTO KOMITO3UTa, KOTOPBIA BBITSATUBACTCS B JUIMHY B HECKOJILKO pas,
BBICBOOOXKIAIOTCS ~ ATOMHO  YHCThIE, TaK Ha3bIBa€MblC, HOBCHUIIbHBIC
MOBEPXHOCTH COTPUKACAIOIIUXCS OJTHOPOJHBIX U PA3HOPOIHBIX METAIIOB [12].
[lpu mpokaTke STH TMOBEPXHOCTH COJMXKAIOTCS HA PACCTOSHUS JCHCTBUS
MEKATOMHBIX CHJ, M B pe3yJbTaTe OOpa30BaHHUS METAUTMUECKUX CBS3CH
HNPOMCXOAUT WX cremieHue. [lpu mmacTuyeckux aedopMaiusx 3TO SIBICHUE
Ha3bIBaeTCs cxBaTbiBaHHEM. CIIOCOOHOCTh METAJNIOB K CXBATHIBAHHIO SIBJISICTCSI
(U3UUECKUM CBOWCTBOM FOBEHUJIBHBIX MOBEPXHOCTEH. B MI€aNbHBIX YCIOBUAX
TEPMOJUHAMUKHA CXBATHIBAHHE SIBIISCTCS BBITOJHBIM TPOIIECCOM M IOJHKHO
HNPOUCXOANTH CAMONPOM3BOJIBHO, TaK KaK SHEPTHsl CUCTEMbI U3 COCIUHEHHBIX
METaJJIOB CTAHOBHUTCS MEHBIIIE 3a CUET JIMKBHIAIIMHA CBOOOIHBIX MOBEPXHOCTEM.
[long wpeanbHBIMH — YCIOBUSIMH TIOHUMAeTcs COMMKEHHE TOBEPXHOCTEH,
CBOOOJHBIX OT OKMCHBIX M a/ICOPOMPOBAHHBIX IUICHOK HA PACCTOSHHE, PaBHOE
CyMMe paJMyCOB aTOMOB COEIMHSEMBbIX MoBepxHocTel. IlpeanpuHuMaemast
NpoKaTka W SBISIETCS OJHUM U3 CIOCOOOB TONYYEHHS FOBEHMJIBHBIX
MTOBEPXHOCTEM.

B namem ke cirydae o0pa3oBaHHE FOBEHUJIBHBIX MOBEPXHOCTEH IOJIE3HO
emé 1 TeM, 4TO Yepe3 HUX Oosiee OeCIpernsiTCTBEHHO OCYIIECTBISUIACH B3aUMHAs
muddy3us pa3HOPOIHBIX aTOMOB TI0 CPAaBHEHHUIO C TE€M, €CJIM ObI IIPOKaTKa HE
peIIpUHIMATIAC.

MeToauKa NMOJy4eHHS U UCCIAEAOBAHUA CTPYKTYPbI POBOAHUKA

ugppy3suonnan ceapka nakemos u naKkemuas npoKamka.

JUIs ToNydeHUsl CBEPXIPOBOJAIICH JCHTHI Ha OcHOBe cruiaBa Nb—Ti
ucnoias3oBanch nuddysnonnas ceapka ([1C) MHOrocnoiHbix naketos (puc. 1)
MoJ AaBJIECHUEM B BaKyyMe U moclienyromas ux naketHas npokatka (I1I1) mpu
KOMHATHOW TeMIeparype.

JIC nakeToB MpoBOJAWIACH B BaKyyMe€ HE HUXKE, 4YeM 10 Mm pT. CT.
CBapuBaeMblii MAKET pacrojiarajicss MexJy MyaHCOHAMH, MU3TOTOBJICHHBIMU U3
BBICOKOIIPOYHOrO Tpadura. Mexay MmakeToM U MyaHCOHaAMU MPOKJIAbIBATUCH
donbru u3 tepmopacuierieHHoro rpadura (TPI') tommwmuoit 0,3 Mmm. B 1-m
ke ceapka Nb/Ti-maketoB nmpoxoamna mpu 1050°C B Teuenue 10 MuUH mof
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nasineHneMm 16—17 Mlla. Bo 2-M nukie cBapuBagucCh NAKETHI, COAEPKABIIUE
Hapy>XKHbI€ U BHYTPEHHHE NPOKJIAAKHA U3 MEIM, U, mo3ToMy, Temneparypa [C
camxkanace 10 900-950°C npu npasnenun 17-19 Mlla, a Bpems cBapku
MOBBIIAIOCH 10 1,5—2 4.

iy,

l

nh wNPF

[y

P

Puc. 1. BzaumHoe pacrosioxxeHne 0OCHOBHBIX y3J10B ycTaHoBkH 1151 JIC:
1 — BoJtoOoXJIaXk1a€MBbIi KOpIyC KaMepbl, 2 — Ha0Op TEIUIOBBIX IKPAHOB U3 MTPECCOBAHHOM
rpa¢uToBOi BaThl U M0-(h0oJIbru, 3 — HEMOABMXHBIN ITyaHCOH, 4 — HarpeBaTesb U3
BBICOKOIIPOYHOTO TpaduTa, 5 — HCIIBITYeMBIN MMaKeT, 6 — OABMKHBIN ITyaHCOH, P — ycunue

Hedbopmanusi NPOKATKOW CBApEHHBIX [AaKETOB MPOBOAMIACH TIPH
KOMHATHOM TeMIlepaTtype Ha 4-X BAJIKOBOM CTaHE TOHKON mpokaTku. CTeneHb
nedopmanu 3a nmpoxoja cocrtasisia 2—3%. HampasieHue NMpoKaTKu MaKeTOB
COOTBETCTBOBAJIO HAMNPABICHHUIO MPOKATKH 3aJ0KEHHBIX B makeThl Nb- u Ti-
domer. B 1-m 1umkie JseHTa mpokaThiBajgach 10 ToiamuHbl 0,2—0,25 MM,
paspesanach Ha OTPE3KH HYXHOU JUIMHBI, U3 KOTOPBIX COOMPAIICS HOBBIM MaKeT
TpeOyeMoi KOHCTPYKIMH TS 2-ro 1ukia. [locie 2-ro 1ukia cBapeHHbBINH MaKeT
MPOKATBIBAJICA JI0 JICHThI KOHEUHOU TOIMHBI — 0,1 MM.

Hccneoosanue cmpykmypot mamepuana. MukpoCTpyKTypa KOMIIO3UTOB
HCCIIEOBANach C IIOMOLIBKD PAacTPOBOM JJIEKTPOHHOM MHUKPOCKOIMU H
peHTreHoBcKoro cnekrpanbHoro ananusa (PCA). MccnenoBanus, BKIIOYarouye
MOJIYYCHHE M300paKeHU 00bEKTOB BO BTOPUYHBIX M OTPAXKEHHBIX JIEKTPOHAX
u PCA, BumMonHSINC, Ha UUQPOBBIX DIIEKTPOHHBIX  CKAHUPYIOIIUX
mukpockomnax Tescan VEGA-II XMU wu CamScan MV230 (VEGA TS
5130MM). O6a mukpockomna umeroT W-kaTopl, ocHameHbl Y AG-aeTekTopaMu
BTOPUYHBIX u OTpPa’KEHHBIX AJIEKTPOHOB u PEHTT€HOBCKUM
MUKPOAHAIU3ATOPOM.

HccnenoBanns BBINONHAIWCH NMPHU yCKopstoumeM HanpsbkeHun 20 kB u
TOKe 3JIeKTpoHHOro 30H1a 200 mA Ha o0pasie kobanbTa. PazMep 37eKTpOHHOTO
3o1a — 0,16 MkMm. ['myOuHa oOnacTu XapakKTepUCTHUECKOTO PEHTTEHOBCKOTO
W3Iy4YeHus jgocturaiga S5—6 MkM. Ha ropuzoHTaJIBHOM pa3pe3e 3TO
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COOTBETCTBOBAJIO KPYTy, a B 00beM€ — TPYIICBUIHOM 30HE C HAMOOIBIIUM
auameTpom okojo 10 Mxm.

CTpyKTypa MHOTOCJIOMHBIX KOMIIO3UTOB

Coopka nakemos. CBEpXIIPOBOAIIYI0O MHOTOCIIOWHYIO JIEHTY U3 CILUIaBa
Nb-50%TIi, cTabuIM3upOBaHHYIO ME/IbI0, MOJyUaIH 3a J1Ba IUKJIA, KaKIbIH W3
KOTOPBIX COCTOST U3 MU PY3NOHHON CBAPKH M IMAKETHOU MPOKATKH.

COopka makeToB B 1-M 1ukie npoBoAwiach U3 3aeMeHToB U-oOpa3Hoit
(GOpMBI, N3rOTaBIMBAEMBIX 3apaHee U3 (OJbI HUOOWSI W TUTaHA, U OTACIBHBIX
donbr TuTana u HUOOUs [13]. Colmroast onpesieIeHHYIO TTOCIEeI0BATEILHOCTD,
MOKHO OBLTO OTHOCHUTEIBHO MPOCTO W OBICTPO cOOMpaTh MaKEeThl U3 JCCSTH,
JBaANATH U 00Jiee HUOOUEBBIX PJIEMEHTOB, YEPEaYIOIIUXCS ¢ Ti-poabramMu, Win
TUTAHOBBIX 3JIeMEeHTOB, depeayronuxcs ¢ Nb-ponsramu. Ilaker mpemcraBisii
co0Ol eAMHYI0 KOHCTPYKIIMIO, Onarojaps YeMy C HHUM MOXHO ObLIO
NPOU3BOJIUTh  HYXXHBIE  TEXHOJOTHYEeCKHWe  mpoueaypbl.  OTaenbHbIC
COCTABIISIOIIME UCXOIHBIX TAKETOB IIPUBEICHBI B Ta0. 1.

Tabmuna 1. Cocrasisromue Nb/Ti-nmakeros B 1-Mm mukine JIC u ITIT

OO011ee K0J1-BO

Oobo3HaueHne CocraBisomue MaKkeToB:
naKera KoJIu4ecTBO (1UT.) ¥ ToJmuHAa (t) poabr QJonbr;TnaKeTe,
13TiNb1 1. 20 U-anemenToB u3 Ti-dosbru t =45 MM 40
2. 39 Nb-¢ousbr t = 45-50 Mkm 39
13NbTi2 1. 20 U-onementos u3 Nb-doseru t ~ 50 Mmxm 40
2. 39 Ti-donsr t =45 Mmkm 39

1. 10 U-o6pa3ubix anementoB u3 Nb-donsru + 10 Nb- 20 + 10 = 30
13TiNb3 ¢donsr t ~ 50 MKkM

2. 11 U-o6pasubix snementoB u3 Ti-¢oasru + 9 Ti- 22 +9=31

donbr t =45 Mmxm

1. 10 U-o6pa3susix snemenToB u3 Ti-donsru + 10 Ti- 20 + 10 = 30
13NbTi4 donbr t =45 Mmxm

2. 11 U-o6pasubix smemeHtoB u3 Nb-donsru + 9 Nb- 224+9=31

donbr t = 50 MM

B 1-M mukne maketsl coaepkanu mo 31 u 40 cioeB u3 HUOOUS U HA OJIMH
MEHbLIE CJI0€B U3 TUTaHa Wik 1o 31 u 40 cii0eB U3 TUTaHAa U HA OJJUH MEHBIIIE
ciioeB U3 HUOOMWS. HapyKHBIMU CITOSIMH TTakeToB ObLTH TOJIBKO ND- mim Tombpko
Ti-cmon. Tommuua makeTos cocrasisiia 2,9—3,0 u 3,7—-3,8 MM COOTBETCTBEHHO.

Bo 2-m nukiie makeTsl cCOOMpaNUCh B OMPEICIICHHON MOCIeI0BATEIbHOCTH
13 HECKOJIBKMX OTPE3KOB JICHTBI, MOJYYEHHOMN NTOCE |1-To uKIa, IBYX UM TPEX
IUTaCTUH W3 Meau ToymuHor 0,15 MM 1 coorBeTcTBeHHO 2-X WiH 4-X Nb-dobr
TonmuMHOM 20 MKM, NOPOKJIAJAbIBAEMBIX MEXKJIY MEIHbIMU IUIACTUHAMHU H
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orpeskamu mocie 1-ro mmkia. Ot Nb-domerm Obutn  mudGy3MOHHBIMEU
OapbepamMu MPOTUB B3aUMOJCUCTBUSL MEIU M TUTaHA, HAXOJAIIETOCS B CIUIaBe
Nb-Ti.

Ecnim mmactun w3 mMenu, kak craOuinuzatopa, OBUIO JBE, TO OHU
pacroiarajuch CHapy>kH MakeTa, €ClI — TPH, TO OJ[HA IIACTUHA pacroJjarajiach
€lle U NMOCePEeINHE MaKeTa.

PacueTHble TONIMIMHBI OTIENBHBIX CJIOEB TBEPJOr0 pacTBOpa TUTAHA B
Huobun (Nb) m NDTi-crutaBa B MHOTOC/IOWHOM JIGHTE KOHEYHOW TOJIIHAHBI
cocTaBisiii ~150 HM.

Muozocnoiinaa cmpykmypa komnozumog nocie 1-2o0 yukna. 1locne 1-i
cBapku cTpykrypa ND/Ti-makera cocrosiia W3 YepeayrOIIMXCS CBETIBIX U
TEMHBIX TI0JIOC, TapauIeNbHBIX Apyr Apyry (puc. 2). Cpemyible MOJIOCHI
COOTBETCTBOBAJIU HUOOUIO, TEMHbBIE — TUTAHY.

Toynas uaeHTHPUKALMS CIOEB MPOBOAWIACH C MOMOIIBIO JIOKAIBHOTO
PC-ananuza. KonuenTpamuonsusie nmpo@uin BOJIMU3M TPAHULIBI MEXKIY CIOSMHU
HUOOUS W TUTaHa (puc. 3, a u 6) nokazanu, 4to B yciosusax JC mpu 1050°C u
OTHOCHUTEJIBHO HEOOJBIIOM JaBJICHUU OBLIO J0cTaTo4HO 10 MUHYT, YTOOBI Ha
Mecte  Ti-ClloeB  00pa3oBaJMCh  CJIIOM  HHOOWMH-TUTAHOBOI'O  CIUIABA.
Konmentparuss Nb B HMX B HampaBJIeHWH OT TPAaHHUIBI K CEPEIUHE CIIOS
yMeHbIIanach B uHTepBaie oT 44 pgo 27 wmac.%. KoHueHTtpanus Ti
yBenumuuBaiach oT 56 o 73 mac.%. Kpome Toro Ha camoil rpaHuIle MEXIy
CIIOsIMH OTMe4eHO mpucytcTBue nauddysHsix odpasoBanuii ¢ 75-85 mac.%Nb
(crrextpsr 7 u 8, cM. pHcC. 3, a).
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Puc. 2. Makpoctpykrypa nomnepeuroro ceuenus makera Nb/Ti, cogepxkamiero 31 Ti-cioii u
30 Nb-cnoes nocie JIC B 1-m nukie (cm. tada.1, 13TiNb3)
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(Nb)

Ti-Nb

Ti

Nb

MpaHuLa Mexay cnoamm

e (Nb) n Nb—Ti

10 20 30 40
PaccTtosiHue, MKM
a o
Puc. 3. K pe3ynbTaTam JOKaJIbHOTO PEHTI€HOCIEKTPAILHOTO aHaau3a: (parMeHT
MUKPOCTPYKTYPBI (@) ¥ KOHIIEHTpAIlMOHHBIE MTPO(UIN TUTaHA U HUOOUS (6) Ha TpaHuIe
MEXIY CI0sMH U3 HHoOueBoro tBeporo pactsopa (Nb) u crmaBa Nb—Ti

o

70 MKM

Tutan ke B CJIOSX HHOOHMS PACTBOPSUICS COBCEM HE3HAUUTEIBHO — B
cepenune Nb-crost on comeprkaiicst B komuuectBe MeHbine 0,2 mMac.% (cM. puc.
3, 6). D10 03Hayano, 4Tto TBepA0oda3HOE B3aAUMOJICUCTBHE MEXKIY CIOSMHU
POUCXOIUIIO 32 cUeT AU Py3UH HUOOHUS B TUTAH M OKa3bIBAJIO MOJIOKHTEIHLHOE
BIMSIHUE HAa (OPMHUPOBAHWE B KOMIIO3HTE CIIOMCTON CTPYKTYpBI, OTHHM U3
CJIOEB KOTOPOU JIOJKEH OBITH CJI0H cBepxmpoBosinero cruiasa Nb—Ti, 6muskuii
Kk cmiaBy ¢ 50 mac.%Ti. Cmmae Nb-50Ti oOnamaer iydmiuMm codeTaHUEM
CBEPXIMPOBOAANIUX xapakTepucTuk B cucreme NDb-Ti. [lpyrumu crosmu
JOJDKHBI OBITh CJIOW U3 HUOOWS ¢ KaK MOXXHO MEHBIINM COJCpKAaHHEM TUTaHA.
Torma oHm OynyT HECBEPXMPOBOMISIIMMHU YK€ B MajbIX MAarHUTHBIX MOJISX.
N3BectHo [14], uyrto HecBepxmpoBosane aepeKThl SABIAIOTCA Oojee
3¢ (HEeKTUBHBIMU TICHTPAMHU 3aKpEIUICHUS CBEPXIPOBOSINNX BUXpEH, dYeM
CBEPXIIPOBOISIIIINE.

Ha puc. 4 npencraBieHa CTPyKTypa TMONEPEYHOTO  CEUCHUS
MHOTOCJIONHOM JeHThl ToamuHou ~0,2 MM mocie JIC u npokarku. McxomHoi
3arotoBkoit Ob1 Nb/Ti-kommoszut 13NbTi2, conmepxasmmit 40 Nb- u 39 Ti-
cioeB (cm. Tabn. 1). Csermsie ciom — 310 NDb-TBepawiii pactBop (ND),
colepKaluii TUTaH B KOJMYECTBE HECKOJBKUX JECATHIX JOJEH MpPOIEHTA.
Temnubie ciion — cruraB Nb—(70-80) mac.%Ti. Oka3anock, 94TO B HampaBICHUH
MOTIEPEK MPOKATKY JJAMUHAPHOCTH CIIOMCTOW CTPYKTYPHI BRIpaXKCHA JIyUIIe, YeM
BIIOJIb He€. B ceueHnnu, coBmagaronieM ¢ HampaBJICHUEM MPOKATKH (CM. puc. 4,
0), B cnosx NDbTi-crutaBa mpucyTcTByeT OOJBIIIOE KOJIMYECTBO 0OOpa3oBaHUI
JUH3000pa3HON (POPMBEL.

Pacuetnbie Tonmmuuel cioeB (Nb) u Nb—Ti B mpokaranHoii ieHTe mocie
1-ro muKIa paBHSAJIUCH COOTBETCTBEHHO 2,7 1 2,4 MkM. Ho B IeMCTBUTEILHOCTH
MX TOJIIIIMHA BapbHUPOBAJIACH OT HECKOIBKHUX 10 10—15 MukpoH (cMm. puc. 4).
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PeHTreHOBCKHI CHEKTpaIbHBIA aHAIW3 TONMEPEYHOrO0 CCUYCHHS JICHTBI
(Nb)/Nb—Ti moarBepami NpeabIAyIIME pPE3yiabTaThl. TeMHBIC CIOW HHUOOMIA-
TUTAHOBOT'O CIUTaBa coaepxkanmu ~34,5 Mac.%Nb — 3T0 cpeaHsIsi KOHIICHTpAIUs

HUOOMSI, pacCUMTaHHAsA MO YEThIpeM crekTpaMm 2, 3, 4 u 6, NpuxosiIuxcs Ha
ciion Nb—Ti (puc. 5).

T O R 7 I S il |

e VT o i |

100 mMKkm 100 MKm

a o
Puc. 4. Muxkpoctpykrypa Nb/Ti-kommosutHoii nertsl Tommunoi 0,2 MM nociae JC u ITIT
mociie 1-ro 1ukia momepek (@) u BAOJb MPOKATKH (6).

65,6Ti-34,4 mac.%Nb
100 4a %

\ —=

801 - //‘;\\‘

60 - N /9‘ - e 7 N A Ti
X< X

40 - /o Vo il g

20 ] / S ~_~| ©Nb

06] /

0,4 -

Mac.%

0,2

0 4 8 12 16 20 24 28
PaccTtosHue, MKkm

65,6Ti-34,4 mac.%Nb

Puc. 5. K pesynbraram nokansaoro PCA: KOHIIEHTpallMOHHBIE IPO(UIN TUTAaHA B HIOOUS
¢dparment mukpoctpykrypsl Nb/Ti-kommosura 13NbTi2 mocne JAC u I1IT 1-ro muxna
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2-11 yuka. Ha puc. 6 mpeacTaBieHa MakKpOCTPYKTypa makeTa, COOpaHHOTO
BO 2-M LMKJIE U3 9 OTPE3KOB JIEHTHI IMOCHE 1-ro LMKIA, U PE3yJIbTATHI
nokaneHOro PC-aHanm3a, mpoBEJEHHOTO Ha OJHOM M3 YYacTKOB €r0 CEUYCHHS
npu OonbIIoM yBenu4eHHU. PaccMaTpuBaemMoe ceueHe akeTa OpUEHTHPOBAHO
napajijiebHO HalPaBJICHUIO MPOKATKU (POJIBI HUOOUS U TUTaHA.

Nb Ti 2
= \ o
~50Nb-50Ti —. DZ.\D
M~
) I [8¢g
./ N Eh
> let
e Posee e %
J s § o
w1 |eg
s I & O
r,:lu)—d/ &
\/I 070
u ~o O

100 80 60 40 20 O
Mac.%

a o

Puc. 6. 2-1i nuKI: @ — MaKpOCTPYKTYypa MOMEPEUYHOT0 CEYEHUS MAKETa U3 9 OTPE3KOB JICHTHI
nocie 1-ro nukna; 6 — pesynbtatel PCA. J1C: 950°C mipu 19 MIla B Teuenue 2 4

[Ipu anammze npHUBEACHHBIX MAKpO- M MHUKPOCTPYKTYpP KOMIIO3UTA
BU3YyaJbHO BHUJHO, YTO CJOMUCTBI XapakKTep €€ OIpeeNsieTcs] CBeTJION
KOMITOHEHTOM MaTepualia, B KOTOPOH COJep:KaHue TUTaHA B JIYUILIEM CIIy4yae He
npesbimaeT 10—15 mac.%. 3HaunTENbHO Yalle ero CoAepKUTCs B HEH oT 1 1o
3-4 wmac.%. DTa KOMIIOHEHTAa CO3JaeT CBS3HYIO HEMPEPHIBHYIO CHCTEMY.
KoMmmonenTa ceporo 1Bera M3 HHOOMEBOTO CIUIaBa C COJACpP)KaHUEM THUTaHA
50-70 mac.% o0pa3yeT BBITAHYTHIE BKJIIOYEHUS, MPHOOPETAIONINE HEPEIKO
nuckooOpasHyto (GopMy U, TOITOMY, Kaxyluecs mnpepbiBUCThIMH. OTcroma
HaIpaluBaeTCsl ONIMOOYHBIM BBIBOJ, YTO CIJIaB HUOOWS, OTBETCTBEHHBIN 3a
BBICOKHI CBEpPXIPOBOASIIMN TOK MPOBOJHUKA, HE HMMEET CBSI3HBIX TOKOBBIX
IIyTEH.

B cpenneit o6macté HEKOTOPHIX YTOJIICHUH OTMEUEHO MPHUCYTCTBHE
BKJIIOYEHUH, OTIIMYAIOIINXCS OT OKPYKaroLIEero 00bemMa CBOMM YE€PHBIM IIBETOM
(cextpsr 16-18, cM. puc. 6, 6). OHu oOorameHsl THTaHOM. WX cocTas:
21-24Nb n 79-76 mac.%T].

I/I3MepeHI/Iﬂ KPUTHY€E€CKOI'0 TOKA
HI/I3KOTCMHepaTypHBIC HN3MCPCHUA ITPOBOAMIIMCH HA JICHTAX, IMOJYUYCHHBIX

MMPOKATKOW KOMIIO3UTOB U3 OTPE3KOB MHOT'OCJIOMHOM JIEHTHI MOCIE 1-ro nukKia,
Cu-mostoc kak crabmim3atopa u TOHKHX ND-osibr, mpokiIambiBacMbIX MEKIY
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oTpe3kamu mocie 1-ro nukia u Meabto. CTPYKTYphl JBYX TaKUX KOMITO3UTOB,
ené He MOJABEPraBIINXCS MPOKATKE, MOKa3aHbl HA puc. 7. [lepBslid cocTOUT U3
cemu MHOTocioiHbIX oTpe3koB (Nb)/Nb-Ti, nByx HapyxHbx CU-00KIaIOK U
aByx Nb-nipocnoek. BTopoii KOMIO3UT, KpOMe JIByX HapYKHBIX, COIEPIKUT €IS
BHyTpeHHU CU-CJIOM, JIB€ MayKh U3 CJIOKEHHBIX BMECTE 4-X MHOTOCIOWHBIX
orpe3koB (Nb)/Nb—Ti u yersipe Nb-npocnoiiku, KOTOpbIE paCIONIOKEHBI MEXKIY
Cu u (Nb)/Nb-Ti. IIpoBoasiiue CBEpXIPOBOIAIINNA TOK 00BeMbI ¢ 2-(ha3Hou

cioucroii ctpykrypoi (Nb) + Nb—Ti B 1-m u 2-M komno3urax coctaBistot 79,6
u 75,3 006.%.

=
!
(Nb)/Nb-Ti

500 MKm

a o
Puc. 7. Ctpykrypa komno3utoB nocie JIC Bo 2-M mukie:
a — 2 Cu-cnos, 2 Nb-pocoiiku u 7 otpeskoB sientsl (Nb)/Nb—Ti mocne 1-ro nukia;
6 — 3 Cu-cnos, 4 Nb-ripociioiiku u 2 mauku mo 4 orpeska (Nb)/Nb—Ti

Konnenrparuonseie mpo i HHOOWS U TUTaHA CBUICTEIIBCTBOBAJIH, YTO
B 00beme (ND)/Nb—Ti cimon u3 4yuCTOro THTaHa OTCYTCTBYIOT. Hambosnbiice
comepkanue TuTaHa, ~70 Mac.%, ObBUIO B JIUCKOOOPA3HBIX CTPYKTYPHBIX
obpazoBanusx (crekTpel 4, 5, 6 U 7, cM. puc. 6, 6). [Ipyrue y4acTKd CJIOCB
crutaea  Nb—Ti  BBIDISAST  CBETIO-CEPBIMH IO KOHTpPAcTy. OJTO  €CTh
JI0Ka3aTeIbCTBO TOTO, YTO COJIEP)KaHNE HUOOUS B HUX OOJBIIIE, YEM B CTIIEKTpax
4-7. U, nevictBuTEnbHO, CIIeKTphl 13 m 14 mokaseiBaroT ~50 mac.%Nb u ~50
mac.%TI.

B ciosx cBemiioro xoHTpacTta, HASHTHPHUIIMPOBAaHHBIX Kak ND-TBepmbrit
pacTBOp, KOHIIGHTpAIMsl TUTAHA B JIyUIIeM ciydae He mpeBbimaina 20, a 9acTo
OocTaBajlach Ha YPOBHE HECKOJNbKUX Mac.%. Pe3tomupys BeIieckazaHHOE,
MO>XHO KOHCTAaTHPOBaTh, YTO TBepAO(a3HOE B3aMMOEHCTBAE MEXKIY HHOOHEM
¥ TUTAaHOM TPOUCXOJHT, B OCHOBHOM, 3a c4eT nu(pdy3un HUOOUS B TUTAHOBHIC
CJION.

H3zmepenue kpumuueckozo moka. HuzkoremmepaTypHbIE W3MEPCHHS
MPOBOAWINCH Ha 00pas3lax JICHTHI, MOJYYCHHBIX MPOKATKONH KOMIIO3UTOB,
npuBeACHHBIX Ha Puc. 7. MIX MHKpOCTpyKTypa IMOCJIE€ MPOKATKH IMOKa3aHa Ha
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puc. 8. B otnmuume ot CTpyKTYypbl KOMITO3HUTA JI0 MTPOKATKHU, CIOUCTAsi CTPYKTypa
NPEJCTABISICTCS COCTOsIIeH W3 HenpepbiBatomumxcss cinoeB NbTi-crmaBa u
tBepaoro pactsopa (Nb) cooTBeTCTBEHHO CEepoOro u CBETIOr0 KOHTPACTOB.

(Nb)/Nb-Ti

50 MKkm

a o
Puc. 8. MukpocTpykTypa monepeyHoro CeYeHUss MHOTOCIIOMHOW CBEPXIIPOBOIAIICH JICHTHI Ha
ocuoBe crutaBa Nb—Ti ¢ qByms (a) u TpeMs (6) cTaOMITU3UPYIOITUMH MEIHBIMH CIIOSIMH

O6pasuamMu i1 U3MEPEHHUS] KPUTHYECKOTO0 TOKa | CIyXWIU OTpe3Ku
MHoOTOCHOMHON JiIeHThl Tociie 2-ro nukia JC wu IIII tommmuon 0,1 Mm u
mupuHo 1 MMm. M3mepeHus mpoBOIWIMCH B KPUOCTATE C JKUJIKUM TEIHEM B
MarHuTHoM Toje H, co3maBaeMoM CBEpXIIPOBOMASIIUM COJICHOMJIOM, IIpHU
nepneaukysipgon H 1 (ab) u mapamnensHoit H || (ab) opuenranusx
HAIpaBJICHUS MarHUTHOTO 1mojs H u miockoctu mpokaTtku jaeHTH (ab) (puc. 9).
Tparcnoptreiii TOK | yepe3 obOpasen B 000ux ciydasx ObUT TMEPHEHIUKYIISIPCH
MarHuTHOMY ToJTro costeHonaa: | 1 H.

O6pazel —
OTRE30K NEHTHI
|
g
— T

H | (ab) H L (ab)

Puc. 9. Z[Be OpHUECHTAlIUN 06pa3ua oTHOCHTeNbHO moias H CBEPXIIPOBOAAMIETO COJICHOU IA

Ha  Puc.10 nmpeacraBieHbl  BOJbT-aMIIEPHBIE  XapaKTEPUCTUKH
MHOTOCIONHON JneHThl B monsix 1, 3 mw 5 Tom uw H || (ab) m 3aBucumoctu
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KpUTHYECKOTro Toka |, or marauTHoro mojis H mpu H || (ab) u H L (ab). [dse
DKCHEPUMEHTAIBHBIE TOYKM CO ‘“‘CTpElIKaMu BBEpPX YKa3bIBalOT Ha TO, 4YTO
TPAHCIIOPTHBIM TOK TAaKOW CWIbl HE Pa3pyLIWI CBEPXIIPOBOISAILEE COCTOSHUE
oOpasna.

0,0010 ! L L L lc>180A
13NbTi41 2004 ~ ‘
42K
@ 0,0008 A I'LH 1504
% H Il (ab) 100 H |l (ab)
£ 0,0006 4 2
Y 5Tn < 50
g 3T -~ 71
i 0,0004 - n H L (ab)
= 10
[7]
0,0002 1
g 17 5
0,0000 - =2 - - 01— T ‘ T T T
0 40 80 120 160 200 0 1 2 3 4 5
TpaHcnopTHbIN ToK, A H, Tn
a 9]

Puc. 10. BombT-amnepHbie XapaKTEPUCTHKH MHOTOCIIOMHOM CBEPXITPOBOIAIICH JICHTHI U3
criaBa Nb-Tinpu H || (@b)u H=1,2u3 Tn (@) u
3aBucumoctH lc(H) mpu H || (ab) u H L (ab) (6)

[Tpu H L (ab) I pe3ko magan ¢ yBenuueHueM mosist y:ke B Auamasone ot 0
10 1 T (em. Puc. 10 6). B to Bpems kak mpu opuentaiuu H || (ab) on mmaBHo
NOHWKaJCcs, ocTaBasick mpu 5 Tn Ha ypoBHe ~30 A, 4YTO COOTBETCTBYET
WHXEHEPHON (KOHCTPYKTUBHOM) KPUTHYECKOM TUIOTHOCTH TOKa, pPaBHOM
3.10* A/em®, Anmotporus |, paBHas orHomenuto lgflc;, paccumranHas s
H =1 Tn, 6s1a >82. 3T0 CBUAETENBCTBYET O 3aKPEIICHUU CBEPXIPOBOISIINX
BUXpeH, Jokamm3yrommuxcs B cmmaBe  Nb—Ti, Ha rpaHMmax MeEXIy
HecBepxmnpoBoasuumu ciaosmMu Nb-tBepmoro pactsopa (Nb) u cmmasa Nb—Ti,
HECYILIETO CBEPXIPOBOISIINNA TOK.

BaxxHo oTMeTHTB, YTO Takue 3HAYEHUS TJIOTHOCTH TOKA JOCTHTAJIUCh B
neHTax 0Oe3 murenbHbIX, Topsaaka 300-350 yacoB, HU3KOTEMIIEPATYPHBIX
omkuroB npu 300-350°C. Takue omkuru TpeOyeTcss MPOBOAUTH AJIS IIUPOKO
UCIIOJIb3YeMbIX ~ MHOTOXWJIBHBIX U MHOTOCIOMHBIX  CBEPXITPOBOJISIINX
marepuasioB (Nb—Ti)/Cu. Dto nmemaercs s BbIIAACHHUS YacTHIl o-(a3bl, Ha
KOTOPBIX, B OTJIWYHE OT PACCMOTPEHHBIX B PabOTe KOMIIO3UTOB, MPOUCXOIUT
3aKpETUICHNE CBEPXIPOBO/ISIINX BUXPEH.

3akiIr0ueHue u BbIBO/JbI

1. Ha ocHoBanum npoBeaeHHoro PC-aHanmn3za MOXHO cCJenaTh
3aKJIIoYeHue, 4Yro B MHorocioidHom kommosute ND/Ti B pesynbraTe
TBep/10(h)a3HOTO B3aUMOJCUCTBUSL MEXAy ¢oibraMu HUOOMST W TUTAHA B
nporecce nu¢Py3noHHOM CBapKH 3a JIBa IIUKJIA, COCTOSAIMNX U3 TU(Pdy3nOHHOM
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CBapKM W MAKETHOW MPOKATKH, MOJy4deHbl ciiou cBepxmnpoBojsiero (Nb—Ti)-
craBa coctaBa Nb50Ti.

2. Cnou caBa Nb50TI, umes Hanbosee BBICOKOE BTOPOE KPUTHUECKOE
MarHuTHOE TMOJi€, CIHOCOOHBI MPOBOJUTH OOJBIION 3JIEKTPUUYECKUNH TOK B
MarHuTHBIX TojisAix 5 m Oonee Tecna. IIpocmoiiku NDb-TBepmoro pactBopa c
cozaepkanreM tutaHa 10 5—10 mac.% nepexonar B HOpMaJbHOE COCTOSTHUE YiKE
B MaJlbIX MarHMTHbIX moygx u co3gaioT rpanuibl (Nb)-NbTi, sersrommecs
3pPEKTUBHBIMU IICHTPAMHU 3aKPEIUICHHsI CBEPXIPOBOMASAIIMX BUXpEeH. ITO
MOATBEPIKAACTCSl OONBIION aHM3OTPONHEH KpUTH4ecKoro Toka: lgflc, > 82 B
MarHuTHoM mose 1 To.

3. B wmHoroxwibHbiX  cBepxmpoBonHukax w3 (Nb-Ti)-cruiaBa
MPOMBIIIIJICHHOTO U3TOTOBJICHHSI IICHTPAMH 3aKPCIUICHUS SIBJISIFOTCS YACTHIIBI O~
(a3pl, BBIICIAIONUECS MPH JUTMTEIBHOM HHU3KOTEMIICPATYPHOM OTXKHIC YXKE
rOTOBBIX M3aenuii. B komno3utHoMm cBepxmpoBoasiiem Matepuaie Cu/Nb/NbTi
TBepA0(ha3HOTO M3TOTOBJICHHUS, B KOTOPOM 3aKpEIUICHUE BUXPEH MPOUCXOIUT Ha
rpanunax (Nb)-NbTi, Beicokass kpuTHueckas IIOTHOCTh TOKA JOCTUTanach 0e3
OT)KHUTA.

ABTOpBI 3aIBJISIIOT YTO:
1. V Hux HeT KOH(IMKTAa HHTEPECOB;
2. Hacrosmas ctaTes HE COACPKUT KaKUX-TMOO MCCIAEAOBAaHUN C ydacTHEM JIIOACH WIn
JKMBOTHBIX B KQUeCTBE 0OBEKTOB HCCIICA0BAHUMN.
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Pyopuka 2. HAYUHBIE U IPAKTUYECKHUE PASPABOTKH
Hanpagsienune «JJ1eKTPOTEXHUKA
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© 0. H. JIaplml, A.B. BokoB®

! Poccuitckmii YHUBEPCUTET TPAHCIIOPTA

? PoccuifcKuii SKOHOMHYCCKHUIA yHuBepcuteT umenu 1. B. [linexanosa
(Mocksa, Poccus)

O CITOCOBE CHUXEHMUA ITPOPUJIBHBIX
COIIPOTHUBJIEHUHA BO31YXA JBUKEHHUIO TPAHCIIOPTHOI'O
CPEJACTBA BHYTPU TPAHCIIOPTOITPOBOJA

OobocHoBaHme: J[BHKeHME 1O€3/1a B U30JIMPOBAHHOM IIPOCTPAHCTBE C €CTECTBEHHBIM
aTMOC(EepHBIM JaBJIIEHUEM BO3AYIIHOW CpeIbl COMPOBOXKIAECTCS MOTEPSAMHU SHEPruu Ha
HEMPOU3BOIUTENIBbHYIO Pa0OTy MO MPEOJOJIEHUIO MPO(PUIBLHBIX COMPOTUBIIEHUH CO CTOPOHBI
(pOHTAIBPHON U THITLHOM MOBEPXHOCTEN MOJBMKHOTO cocTaBa. [Ipu 3TOM Takke oTMedaeTcs
3HAYUTENIBHOE YBEIMYECHHUE 3aTPaT DHEPrMM Ha IPEOJOJICHHE PACTYLIEH CHIIBI BCTPEYHOTO
CONPOTHBIIEHUS BO3ayXa. JUIA MCKIIOYEHHsA YKa3aHHBIX IOTEPh JHEPIHM IIPEUIaracTcs
OpraHu30BaTh CHHXPOHHOE M cOaJlaHCUPOBAHHOE IO 00bEMaM OTKAYMBaHHE BO3AyXa U3
IepeIHE YacTH TPAHCIOPTONPOBOJA M HArHeTaHWE BO3AyXa B 3aJHIOI0  4acTb
TPaHCIIOPTOIIPOBOA.

Henn: Pazpaborats crnoco6 OpraHu3anuu BO31yX000MeHa BHYTpHU
TPAHCHOPTOIPOBOJIA, KOTOPBII 00ECIeUNT CHUKEHHE NPOQHIBHBIX CONPOTHBIIEHUH BO3ayXa
JBYKCHUIO TI0€3/1a.

Mertoabi:  IlpemyoxeHHsle  pa3paOOTKM  OCHOBaHbl ~ HAa  OOLIEM3BECTHBIX
OTEYECTBEHHBIX U 3apYOEkKHBIX KOHCTPYKLHMAX BBICOKOCKOPOCTHBIX TPAHCIIOPTHBIX CHUCTEM
TpYOHOTO THUIIA, M CIIOJIb30BAINCh pe3yabTaThl CPaBHUTEIBHOTO aHaJM3a
TPAHCHOPTOIPOBOJIOB € PA3JIUYHOM CTENEHBIO OTKAYKM BO3JayXa (TJIyOOKMM BakyyMOM H
(opBaKyyMOM), YUMTBHIBAICA ONBIT HEPEepacHpeieNieHHss OCTaTOYHOro o0bEMa BO3yXa B
TpaHcmopronpoBoge B cuctemax “Hyperloop” wu “TransPod”. Ilapamerpsl paboThl
KOMIIPECCOPHBIX ~ YCTAaHOBOK, II€PEKAYMBAIOIIMX BO3AyX BO BHYTPEHHEH IOJIOCTH
TPaHCIIOPTOIIPOBOAA IPU JBHKEHUM TPAHCIOPTHOIO CPEICTBA, PErYIMPYIOTCSI Ha OCHOBE
MoJeJel polecca ra3o IMHaMHUKU.

PesyabTaThl: Pa3paboTaHbl HOBBI COCOO M YCTPOWCTBO CHUKEHUS CHIIBI
CONPOTHUBJIEHUS BO3/yXa JBWXEHHMIO MO€3/la IMyTEM MPHUHYAUTEIBHOTO BO3AyXOOOMEHa,
KOTOPBIM INpeaycMaTpUBAET IEpEepacnpelesIieHue BO3JyXa U3 IEpelHEd 4acTh B 3aJHIOK0
4acTb TPAHCIIOPTOIIPOBOJA OTHOCUTEIBHO HAIIPABIEHUS ABUKEHHUS TPAHCIIOPTHOIO CPENICTBA.
Jlns mepepacnpeienieHusl BO3AyXa HCIOJb3yeTCsl YCTPOMCTBO BHEIIHEro BO3AYyXOOOMEHa,
COCTOSIIIIEE U3 BO3YXOBOJIOB, KOMIIPECCOPHBIX YCTAHOBOK, 3aJBM)KEK, BO3yXOHAKOIIUTEIS.
[Iporecc BHENIHEro0 BO3AyX000MeHa MPOU3BOATCS TOJIBKO BO BpeMsl JBIKEHUS MMOE3/a, JUIs
JIBMDKEHUSI TPAHCIIOPTHOTO CpEACTBA IpeABApUTENbHAs OTKauka BO3AyXa He TpeOyercs.
IIpouecc mnepepacnpeneneHuss BO3AyXa PETYIHPYETCS C Y4YETOM CKOPOCTH JBUKCHHS
TPAHCIIOPTHOTO CPEACTBA, €r0 MECTOMNOJIOKEHUS B TPAHCIOPTONPOBOJAE, KOHCTPYKTHBHBIX
0COOEHHOCTEH TOHHENS W MOABMKHOIO cocTaBa. CKOPOCTb JBM)KEHHUS TPAHCIOPTHOTO
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CpEICTBA IO KaXJIOMY OTPE3KY CKOPOCTHOIO Y4YacTKa HOPMHUPYETCS B 3aBUCUMOCTH OT
(haKTUYECKOW MPOU3BOJUTEIHHOCTH KOMIIOHCHTOB BO3yXOOOMEHHOW CHUCTEMBL. PeKHMBI
paboThI KOMIIPECCOPHBIX YCTaHOBOK JIOJDKHBI o0OecneunBaTh CUHXPOHHOE
IepepacnpesieNieHue BO3AyXa M3 IEepeJHEH 4acTH B 3aHIOI0 4YacTh TPAHCIOPTOIPOBOAA.
JIBukeHHe 1moes3fa MO TPAHCIOPTOIPOBOAY C HOPMAIbHBIM aTMOC(EPHBIM JIaBJICHHUEM BO
BHYTPEHHEH M0J0CTU oOecrneynBaeT yclioBUs Uil 0€30MacHOM TPaHCIOPTUPOBKU I'PY30B U
I1aCCaXKUPOB.

3akiarouenue: PaspaboTaHHbIl crnoco0 npeaHa3HAYeH JUIsl CHUYKEHUS  CHJIBI
CONPOTHBIICHUSI BO3/AyXa NpHU JBUKEHUU TPAHCIOPTHOIO CPEACTBA BHYTPHU IE€PMETUYHOTO
TpaHcmopTonpoBofa 0e3 co3naHusi Bakyyma. [lpencraBieHHble pa3paOOTKH HUMEIOT
MEPCIIEKTUBBl HUCIOJIb30BAaHUS B IPOEKTaX BBICOKOCKOPOCTHBIX TPAHCHOPTHBIX CHUCTEM
[IOA3€MHOI'0 U TIOJIBOJHOTO HCIIOTHEHHUSL.

Knrouesvie cnosa: BBICOKOCKOPOCTHBIE TPAHCIOPTHBIE CHCTEMBI, BaKyyMHBIN
TPYOHBIN TpaHCIIOPT, NPOPUIBHOE COITPOTUBIIEHUE BO3TyXa, BO3AyX000MeH, [ unepiy.

Rubric 2: SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field “Electrical Engineering”

© Oleg N. Larin, Alexander V. Bokov?
'Russian University of Transport (MI1T)
?Plekhanov Russian University of Economics
(Moscow, Russia)

DECREASING OF PROFILE AIR DRAG
TO THE TRAIN MOVEMENT INSIDE THE TUBE TRANSPORT

Background: The movement of the train in an insulated space with the natural
atmospheric pressure is accompanied by energy losses for unproductive work to overcome the
profile air drag from the front and rear surfaces of the vehicle. At the same time, there is also
a considerable increase of energy costs for overcoming the growing force of oncoming air
drag. In order to exclude these energy losses, it is proposed to organize synchronous and
volume-balanced pumping of air from the front part of the tube transport and injection of the
air into the back part of the tube transport.

Aim: To develop a method of organising air exchange inside the tube transport, which
will ensure the reduction of air resistance to the movement of the train.

Methods: The proposed developments are based on well-known national and foreign
designs of high-speed tube transport systems, the results of a comparative analysis of tube
transport with varying degrees of air pumping (backing vacuum and hard vacuum), taking
into account the experience of redistributing the residual air volume in the “Hyperloop” and
“TransPod” tube transport systems. The operating parameters of the compressor units that
pump air into the internal cavity of the tube when the train is in motion is regulated on the
basis of process models of gas dynamics.

Results: A new method and device has been developed for reducing the air drag to the
movement of the train by forced air exchange, which provides for the redistribution of air
from the front to the rear of the transport tube relative to the vehicle travel direction. For the
air redistribution, the external air exchange unit, consisting of air ducts, compressor units,

Received: 27.06.2019 Revised: 13.07.2019 Accepted: 15.07.2019
Moctynuaa: 27.06.2019 Ono6pena: 13.07.2019 Ipunsita: 15.07.2019



49 TPAHCHOPTHBIE CUCTEMbBI U TEXHOJIOI'MH OPUI'MHAJIBHBIE CTATbH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

gate valves, and air collectors is used. The process of external air exchange takes place only
when the vehicle is in motion, for the movement of the vehicle no prior air exhaust is
required. The air redistribution is controlled taking into account the speed of the train, its
location in the tube, the design features of the tunnel and vehicle. The speed of the train for
each segment of the speed section is normalised depending on the actual performance of the
components of the air exchange system. Modes of operation of the compressor units must
ensure synchronous redistribution of air from the front to the rear of the tube. The movement
of a vehicle along a tube with normal atmospheric pressure in the internal cavity provides
conditions for the safe transportation of goods and passengers.

Conclusion: The developed method is designed to reduce the force of air resistance
when the train is in motion inside the airtight tube without creating vacuum. The presented
developments have good prospects for use in projects of high-speed transport systems of both
underground and underwater designs.

Keywords: high-speed transportation systems, evacuated tube transport, profile air
drag, air exchange, Hyperloop.

BBEJIEHUE

Ha cerognsiiuuii 1eHb N3BECTHBI PA3IMYHBIC KOHIETITYaIbHbIC BAPUAHTHI
BBICOKOCKOPOCTHBIX TPAHCHOPTHBIX CHUCTEM TOHHEJIBHOIO M TPYOHOTO THIIA,
KOTOpbIE MPOEKTUPYIOTCS ISl IEPEBO3KU IPY30B U MACCAKUPOB CO CKOPOCTHIO
0oJee OJTHOM THICAYM KHJIOMETPOB B yac. Hanbosbliei nomnyisipHOCThIO B Cpejie
pa3pabOTYMKOB  TOJIB3YIOTCS ~ BaKyyMHBIE€  TPAHCHOPTHBIE  CHUCTEMBI  C
TEPMETUYHBIMU TPAHCIOPTONPOBOAAMHU, U3 KOTOPBIX BO3AYX, CO3JAKOUIUI
CONPOTUBIICHUE JBH)KEHUIO TPAHCIOPTHOTO CPEICTBA B HW30JUPOBAHHOM
IPOCTPAHCTBE, OTKAYMBAETCS IMPU IOMOIIM KOMIIPECCOPHBIX YCTaHOBOK
(Evacuated tube transport). /list 6e30macHo# mepeBO3KH IPY30B M MMACCAXKHPOB
0 BaKyyMHBIM TpPaHCHOPTHBIM CHCTEMaM HEOOXOJMMO HCIOJIb30BaTh
CHNEUUAIM3UPOBAHHBIA  TOJIBHXHBIMI COCTaB C MPOYHBIM TIE€PMETUYHBIM
KOPITyCOM, CTIOCOOHBIM COXPaHSTh aTMOC(EepHOE NTaBlieHne BHYTPU CAJIOHA TIPHU
3HAYUTEIBHO HIDKE aTMOC(EpHOTO MaBIEHWU CHAPYKH Kopiyca (TO €CTh B
TpaHcnopTonpoBoae). K~ OCHOBHBIM  KOHKYPEHTHBIM  MpPEUMYIECTBaM
BAKYYMHBIX TPAHCIOPTHBIX CHUCTEM, [0 CPAaBHEHUIO C JPYTMMHU BHAAMU
TPaHCIOPTAa, OTHOCATCS: BBICOKAas CKOPOCTb JIBMDKEHUSI TPAHCIIOPTHOTO
CpeACTBa MPH HU3KUX IKCIUTYyaTallMOHHBIX pacxojax (Tak Kak B 0€3BO3IYLIHOM
MPOCTPAHCTBE MOJBUKHOW CTaB HE TPATUT DHEPTUI0 HA MPEOAOJICHHE CHIIbI
COTIPOTHBIICHHS] BCTPEYHOTO BO3AYIITHOTO MOTOKA); HE3aBUCHUMOCTh PabOTHI OT
METEOPOJIOTUYECKUX YCJIOBUU (BeTpa, TymaHa, OCAJKOB); HCKJIOUYCHHE
CTOJIKHOBEHUM JIBUKYIIUXCA TPAHCIIOPTHBIX CPEJICTB.

[IpeumymiecTBeHHO cdepoil MPUMEHEHHS BaKyyMHBIX TPaHCIOPTHBIX
CUCTEM SBJISIIOTCSI MEPEBO3KM TPY30B M MMACCAKUPOB HA MaruCTPabHBIX
COOOIIECHUSIX MEXAYy KpynHbIMU Meranoiucamu. Ha Takux wmapuipyrax
BAKYYMHBIE TPAHCIOPTHBIE CHUCTEMbl CIIOCOOHBI KOHKYPHPOBATH JaXe C
BO3JYIIHBIM TPAHCIIOPTOM, TaK KaK CaMOJIET TPATUT BpPEMsI U DHEPTUIO IS
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[IOAbEMa Ha BBICOTY C HU3KOM IUIOTHOCTBIO BO3AYIIHOM Cpelnbl, B KOTOPOH
OCYLIECTBIIIET CKOPOCTHOE IlepeMelleHne. B CBOIO ouepenp TpaHCHOPTHOE
CPEICTBO MpHU JBMXKEHMHM B BAKYYMHOM TPaHCHOPTONPOBOAE MEPEXOIUT B
AQHAJIOTUYHBIN peXuM paldoThl (C HU3KOM MIOTHOCTHIO BCTPEUYHOI'O BO3AYIIHOIO
MOTOKAa) ©0€3 JOMOJHUTENbHBIX IMOTEPh BpeMeHUW M HHepruu. Haunbonbuimii
3G (}exT OT IKCIulyaTauud BaKyyMHBIX TPAaHCIOPTHBIX CHUCTEM MOXET OBITh
MOJIyYeH MpPU KX HUHTErpaldyd C TOPOJACKMMHU TPAH3UTHBIMU CHUCTEMaMH, B
YaCTHOCTH, METPOIMOJIUTEHOM, NPUTOpOoJHbIMU Tioe3namu [1-4]. Opxnako
BaKyyMHBIE TpPAaHCIIOPTHBIE CHCTEMBl HMMEIOT psJl HEIOCTaTKOB: TpPEOYyIOTCS
3HAUWTENbHbIE KalMTaJbHBIE PACXOJbl HAa HMX COOPYXEHHUE; HE0OXOAMMO
oOecrieuynBaTh 0€30MACHOCTh IMEPEBO30K B YCIOBUAX HU3KOTO JaBJICHUS;
pacxoabl Ha oOcCHyKHBaHHE TpPyOOINpPOBOJa MOTYT MPEBBICUTH AP(EeKT oT
YBEIIMYCHHSI CKOPOCTH coolmeHui [5].

METO/AbI

OCHOBHBIM KOHCTPYKTHBHBIM DIIEMEHTOM BBICOKOCKOPOCTHBIX
TPAHCIIOPTHBIX ~ CUCTEM  TOHHEJIBHOTO MW  TPYOHOrO  THMa  SBISCTCS
U30JIMPOBAHHBIN OT BHEIIHEH OKpYXKaWIel cpeabl TPaHCIOPTONPOBOI,
KOTOPBIM COCTOMT W3 KOpIlyca, KaK TPaBHIIO, OKPYyrjao ¢Gopmbl, W
TPAHCTIOPTONPOBOSIIIETO MyTH, UCTIOIB3YEMOI0 JJIsl IBHXKEHUS TPAHCTIOPTHOT'O
cpencta. IlepBpie MPOTOTHUIIBI  BBICOKOCKOPOCTHBIX TPYOHBIX  CHCTEM,
OCHOBaHHBIE Ha BAKYYMHOM CIIOCOO€ CHMKEHUSI CUJIbI COTIPOTUBJICHUS BO3AyXa
JIBUKEHUIO TPAHCIIOPTHOTO CPEACTBA B TE€PMETHYHOM TPAHCIIOPTONPOBOJIE,
NOSBUJIMCH OoJiee cTa JeT Haszad. Hampumep, poccuiickuii ydeHwlid bopuc
[letpoBuu BeitnOepr u amepukanckuii mrxenep Pooept I'ommapa (Robert H.
Goddard) He3aBHUCHMMO Ipyr OT Jpyra MNPEIIOKWUIN OPraHU30BaTh JABUKCHUE
TPAHCIIOPTHOTO CPEICTBA HAa BBICOKOM CKOPOCTH BHYTPH TpPYOBI, U3 KOTOPOU
JOJDKEH OBITh OTKaueH BO3IYX [6-7].

B Teuenme gBamuaToro BeKa  KOHIENTyaJbHBIE  MOAXOABI K
MPOCKTHPOBAHUIO BAaKyyYMHBIX TPAaHCIOPTHBIX CHUCTEM AaKTHUBHO pPa3BUBANIACH.
[Ipennaranuchk pasznudHble MOAM(PUKANNKA KOHCTPYKIIUH TPaHCIOPTONPOBOJA,
aJanTHPOBAINCh, HWHHOBAIIMOHHBIE CHUJIOBBIE YCTAaHOBKM JJIsi  TPUBOJA
TPaHCTIOPTHOTO cpeacTBa. Hampumep, amepukanckuii m3obperatens [ppuin
Octep (Daryl Oster) 3amaTteHTOBan COBMEIICHHYIO KOHCTPYKIIUIO U3
HECKOJBKHX  BAKyyMHBIX  TPYOOMpPOBOAOB, TO  KOTOPHIM  JIOJDKHO
OCYIICCTBIISITBCSL  JBMDKCHHE  TPAHCHMOPTHBIX  CPEACTB 1O  BCTPEYHBIM
HanpasieHusM [8-9].

CoBpeMeHHBIE MOJIETH TPYOHBIX TPAHCIOPTHBIX CHCTEM, KOTOPHIC
MPEeIyCMaTPUBAIOT HCIIOJIb30BAHWE BaKyyMHOTO CIOCO0a CHIDKCHHS CHIIBI
BO3JIYIIIHOTO  COMPOTHUBJICHUS  JBIKCHUIO  TPAHCIOPTHOTO  CPEJNCTBA,
pa3IeNaloTCd Ha JIBa OCHOBHBIX KOHCTPYKTHBHBIX THIA B 3aBHUCHUMOCTH OT
CTETICHW CHIDKCHHS JAaBJICHHS BO3YIIHOW CpeIbl BO BHYTPEHHEW IMOJIOCTH
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TpaHcnopTonpoBoaa. Bo-nepBeiX, cucteMbl ¢ rayOokum BakyymoM (hard
vacuum), BHYTPH KOTOPBIX HOaBicHHE CcHMXkaeTcsa MmeHee 1 Ila. Bo-BTophix,
cucteMbl ¢ hopBakyymom (VOrvakuum), B KOTOPBIX JaBIICHHE CHIDKACTCS HUKE
100 ITa. ITo MHEHHIO MHOTHX 3KCHIEPTOB, HanOoJIee MEPCIEKTUBHBIMU SABJISIFOTCS
(opBaKyyMHbIE€ TPAaHCIIOPTHBIE CUCTEMBI, TaK KaK 3aTpaThl Ha UX CO3/aHHUE U
AKCIUTYyaTallMI0 3HAYUTENIbHO MEHBUIE IO CPaBHEHUIO C HEOOXOJIUMBIMU
KalUTaJIbHBIMU BJIOKEHUSMH B ITTyOOKOBaKYyMHBIE TPAHCIIOPTHBIE CUCTEMBI, a
paznuuMs MEXAy JaHHbIMM TPAHCIOPTHBIMU CHCTEMaMHM MO TEXHUKO-
AKCIUTyaTallMOHHBIM  TIOKa3zaTessiM  paboThl HecyulecTBeHHbI. Ilpu 3TOM
HauOOJBIIMM  TNOTEHIMAIOM  00JaaloT  (QOpPBAKyyMHBIE  TPaHCIIOPTHBIE
CUCTEMBI, HUCIOJIb3YIOIIME I  JBUXKEHUS  TPAHCHOPTHOTO  CPEICTBA
MarHUTOJIEBUTAMOHHYIO TEXHOJOTHIO. Takue KOHCTPYKIUHU 110 SKOJIOTUYECKUM
U SKOHOMUYECKHUM I[IOKa3aTeNIsIM CIIOCOOHBI MPEB30MTU BCE CYIIECTBYIOLINE
aJIbTepHATHBHBIC CUCTEMbI TpaHcropTrpoBku [10].

OnHako CKOPOCTHBIE BO3MOXHOCTH M JKOHOMHUYECKas 3(PPEeKTUBHOCTH
(GOpBaKyyMHBIX CHCTEM OIpaHUYMBAIOTCS (yHIAMEHTAIbHBIMU (haKTOpamu,
KOTOpBIE M3BECTHBI B TEOPUM Ta30BOM NMHAMHUKU Kak “mpeaen Kantposuma”
(Kantrowitz limit) [11-13]. JlanHble (akTOpbl MPOSIBISIOTCSA TPU JABHIKCHHH
TPAHCIIOPTHOTO CPENICTBA CO CBEPX3BYKOBOM CKOPOCTHIO B HW30JUPOBAHHOU
Cpelle U XapaKTepHU3yHTCS TEM, 4YTO BO3IyX IEpPECTaeT NpOCAYyuBaATHCA W3
nepefHel YacTH BHYTPEHHEW TMOJOCTH TPaHCHOPTONPOBOJa (pacrosoKeHa
nepe. roJIOBHOM YacThiO JBMKYIIEroCs MOJIBHKHOTO COCTaBa) B 3aIHIOIO YacCTh,
PaCIOIOKEHHYIO 32 XBOCTOBOW YacThIO JABIMXKYIIETOCS MOJBI)KHOTO COCTaBa,
yepe3 MEXCTEHOYHOE MPOCTPAHCTBO, KOTOpoe (GOpMUPYETCS KOPIycOM
TPAaHCIOPTONPOBOJA UM  TpaHCHOpTHOro  cpenactBa. OctaBmiuiics  (HE
IIPOCOYUBIIMICS ) BO3yX CO3/1a€T M30BITOYHOE JABJICHUE TIEPe]l TPAHCIIOPTHBIM
CPEICTBOM W  YCWUJIMBaeT  COMNPOTUBICHHE  €ro  JBIKCHHUIO  TIO
TPAHCTIOPTONIPOBOY.

Jliis obGecniedyeHus: CBOOOIHOTO MEPETOKAa BO3yXa Uepe3 MEKCTECHOYHOE
MPOCTPAHCTBO B (OPBAKYYMHBIX CHCTEMaX TMPUMEHSAIOTCS 0C0o0bie (HOPMBI
KOHCTPYKIMI  MOJBMKHOIO  COCTaBa M YBEJIWYUBAETCA  JUAMETP
TPAaHCIIOPTONPOBOJA [0 TAaKOro pa3Mepa, IpU KOTOPOM BeCh O00bEM
OCTaTOYHOI'0 BO31yXa, HE3aBHCHUMO OT CKOPOCTH JBHM)KEHHSI TPAHCIOPTHOTO
cpencTBa, Oyner OecnpensiTCTBEHHO MPOXOIUTh U3 MEepeIHEN 4acTh B 3a/IHIO0
4acTb TPAHCIOPTONPOBOAA M 3alOJHATH Pa3psHKEHHOE IMPOCTPAHCTBO 32
TPAHCHOPTHBIM cpeacTBOM. OJHAKO JaHHbIE CHOCOOBI TaK)KE HE JIMIIEHBI
HEJOCTaTKOB. B  wyacTHOCTH, co34aHME W JKCIUIyaTalusi BaKyyMHBIX
TPAHCMOPTHBIX CHUCTEM C OOJBIIMM JUAMETPOM TPAHCIOPTOMPOBOJA MPUBOJUT
K POCTy 3aTpaT M HEraTHUBHO OTPAKAETCAd Ha OKYNAaeMOCTH HWHBECTULHN B
oA0OHbBIE MPOEKTHI.

[ToaToMy nnsi OpBaKyyMHBIX TPAaHCHOPTHBIX CHUCTEM TaKXE SBIISIETCS
aKTyaJIbHOW 3a7ia4ya CHMXKEHHS CHJIbI CONPOTHUBIIEHHUS] BCTPEYHOI'O BO3YLIHOIO
MIOTOKA JIBM)KEHHMIO TPAHCIIOPTHOI'O CPEICTBA MOCPEACTBOM MHPUHYAUTEIBHOIO
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nepepacnpeieieHdsl BO3AyXa U3 MepelHeld 4YacTM B 3aJHIOI0  4acTh
TPaHCHIOPTONPOBOAA. B KOHTEKCTE HACTOSILETO0 HCCIEI0BAHUS COBOKYIHOCTD
NEUCTBUM, KOTOpblE WJIM B  pE3ynbTare KOTOPBIX 0OecreuynBaeTcs
nepepacrpesieieHie BO3AyXa U3 TMepelHeld 4YacTd B  3aJHIO0  YacTh
TPAHCIOPTONPOBOAA Oy/IeM Ha3bIBaTh MPOLECCOM BO3AyX000OMEHA.

B ¢opBakyymHbIX TpaHCHOpTHBIX cuctemax “Hyperloop” u “TransPod”
polecc BO3yX000MeHa MpeaaraeTcsi OCyIEeCTBIATh B TpaHUIaX BHYTPEHHEH
MOJIOCTA TPAHCHOPTONMPOBOJA TIPU TIOMOIIM YCTPOMCTB, BXOASIIUX B
KOHCTPYKIIMIO TPAaHCIOPTHOro cpenctBa. JlaHHblil croco® Oyaem Ha3bIBaTh
“BHYTpEeHHEM BO031yX000MeHOM”. OCHOBHBIM KOHCTPYKTHUBHBIM DJIEMEHTOM,
OpUMEHSEMBIM 11 “BHYTPEHHEro  BO3JlyX0oOMeHa” B  BaKyyMHBIX
TPAHCIIOPTHBIX CHUCTEMaX, SIBISETCS KOMIIPECCOpHAas YCTaHOBKA, KoOTOpas
pacronaraeTcsi B TOJOBHOM 4YacTH TOABMXKHOro cocrtaBa. B “Hyperloop”
KOMITPECCOpHasi YCTaHOBKA MepepacipeiesiieT BCTPEUHbI MOTOK BO3/yXa MO
JTHUIIE TPAHCIOPTHOTO CPEACTBAa JUIsl CO3JaHWsS BO3AYIIHOW TMOJYIIKH,
observaromield  JBMOKEHHE TMOABM)KHOro coctaBa [13]. B “TransPod”
KOMITpECCOpHasi yCTaHOBKAa MepeKauynBaeT BO3AYX IO KaHallaM B KOpIyce
MOJIBUKHOTO COCTaBa M BBIOpAChIBaeT €ro (BO3AYyX) Uepe3 BBIMTYCKHOE COIIO B
3a/IHIOI0 4acTh TpaHcrnopTonpoBoaa. [Ipu aToM Ha BBIXOAE U3 cOIUIa CO3AAETCS
pEaKTUBHAsI TAra, KOTOpas HCIOJb3YeTCS M JOMOJHUTEIBHOIO YCKOPEHHUS
TPaHCIIOPTHOTO cpeacTBa [14].

Opnako opraHuzanus ‘“BHYTPEHHEro BO3JyXooOMeHa” IO BapHaHTaM
“Hyperloop” and “TransPod” cHuaeT MPOBO3HBIC BO3MOXHOCTH H
3 PeKTUBHOCT, PAOOTHI  MOJOOHBIX TPAHCIIOPTHBIX CHUCTEM, TaK Kak
pa3MellleHHe Ha TOJBI)KHOM COCTaBe JOMOJHUTEIBHOTO 000pYyIOBaHUS
(KOMITPECCOPHBIX YCTAaHOBOK, BO3JAYXOBOJOB U Mp.) MPUBOJUT K COKPAILICHUIO
BMECTUMOCTH UM TPY30MOJbEMHOCTH MOABUKHOIO cocTaBa. boiee Toro,
koHcTpykimu “Hyperloop” and “TransPod” wumeror erie psa HEAOCTaTKOB,
KOTOpPbIE XapaKTEPHBI JIsI BCEX MOJENEH BaKyyMHBIX TPaHCHOPTHBIX CHCTEM
(bOopBaKyyMHOTO U TITyOOKOBAaKYyMHOTO THIA. B 4acTHOCTH, CHM)KEHHE CHIIBI
CONPOTUBIICHUS] BO3JlyXa [IBH)KEHUIO TPAHCIOPTHOTO CpPEACTBA 3a CYET
CO3J]aHHSI BaKyyMa B TPAHCIIOPTOMPOBOJIE COMPSHKEHO C PUCKOM MOBPEXKICHUS
MacCa)KUPOB WM TPY30B B Cllydae pa3repMeTU3AlUU KOpIyca TPAHCIIOPTHOIO
cpeactBa. Kpome Toro, Ha co3laHMe BaKyyMHBIX TPAHCHOPTHBIX CHCTEM
noTpedyeTcss 3HAYMTENbHBI 00BEM WHBECTHIIMH, TaK KaK KOHCTPYKIIMH
TPAHCTIOPTONPOBOJIOB U MOJBIKHOTO COCTaBa, MPEeAHA3HAYCHHBIX IS paOOTHI B
yCIOBUSIX C  OOJBIIMMHU  TEepenajaMH  JIaBIICHHWH, JIOJDKHBI — 00J1aiaTh
MOBBIIEHHONW TPOYHOCTHIO, a OJKCIUTyaTalusl JaHHBIX CHCTeM OyJneT
COMPOBOXKJATHCS  JIOMOJTHUTEIBHBIMUA AKCIUTyaTal[AOHHBIMU pacxojlaMu Ha
yCTpaHEHHE BO3MOKHBIX MPOTEUEK BO3JyXa Yepe3 CTEHKU TPYOHOTO Kopmyca.
Ha Bpemsi moucka mnpoTeuek U pPEMOHTa KopIyca JIBHXKEHHE TI0€3710B
notpedyercs octaHaBnuBaTh. [loaTOMY IipeacTaBisieTcst 6ojiee NEePCIEeKTUBHBIM
HCIIOJIb30BaHUE BBICOKOCKOPOCTHBIX “O€3BaKyyMHbIE” TPYOHBIX TPAHCIIOPTHBIX
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CUCTEM C HOPMAaJIbHBIM aTMOC(EpPHBIM JABICHHUEM, B KOTOPBIX ISl CHUKEHUS
NpOQUIBHOIO  CONPOTUBIEHUS  JBUXKEHUIO  TPAHCHOPTHOTO  CPEICTBA
npejyiaraeTcsl OpraHu3oBaTh IMPOLECC “BHEITHETO0 BO3YXOOOMEHAa” MEXIy
IIepeIHEN MU 3aJHEH YacTsAMU BHYTPEHHEH IIOJIOCTU TPAHCIOPTOIPOBOAAILEH
KOHCTPYKIIMH.

PE3YJBTATHI

OcHoBHas 11eJ1b BHEAPEHUs MpeasiaraeMoro “06e3BakyymMHoOro” crocoba
CHUIKEHUS CUJIBI COTPOTHUBIICHUS BO3/TyXa JIBHXKCHUIO TPAHCIIOPTHOTO CPEJICTBA
COCTOMT B TMOBbIIIEHUH 3PDHEKTUBHOCTH U  0€30MacHOCTH  Mpolecca
TPAHCTIOPTUPOBKHU IpYy30B u MacCaKUPOB 1o TepPMETUYHBIM
TPAHCIOPTONPOBOAAM 3a CYET OpraHu3alUMd “‘BHEIIHETO BO31yXO0OoOMeHa”
MEXy MePETHUMH U 33 ITHUMHU YaCTSIMU TPAHCIIOPTOIPOBOIOB.

JIBMKEeHUE TPAHCIOPTHOTO CPEJCTBAa B M30JIUPOBAHHOM IMPOCTPAHCTBE C
€CTECTBEHHBIM aTMOC(EPHBIM JIaBIIEHUEM BO3JYIIHON Cpe/bl COMPOBOXKIAACTCS
NOTEePSIMA  SHEPTUM Ha HEMPOU3BOIAUTENbHYIO paboTy MO MPEOJ0JICHUIO
npOPUIBHBIX CONPOTUBICHUM CO CTOPOHBI (PPOHTATBHOW U  THUIBHOMU
MOBEPXHOCTEH MOJABMXKHOTO COCTaBa, OOYCIIOBJIEHHBIX HEXeJIaTeIbHBIM
U3MEHEHHEM [IaBJIeHHWs B TPAHCIOPTONPOBOAE — B TMepeaHed 4YacTH
TPAHCIIOPTONPOBO/IA TPOUCXOJUT HArHETaHWE [IaBJIEHUS U YIJIOTHEHHE
BO3/lyXa, B 3aJIHEM 4YacTH OTMEYAeTCs] YMEHbBIIECHHE [aBJICHUS U IJIOTHOCTHU
BO3/YIIHON cpejpl. XapaKkTepHble U3MEHEHHUS MapaMeTpPOB BO3AyXa B CBS3U C
JIBUKEHUEM TPAHCIIOPTHOTO CPEJICTBA HA3BIBAIOTCS TMOPIIHEBBIM 3PHEeKTOM
[15]. IIpu mopurHeBbIe AhPekTax oTMEUaeTCsl 3HAUNTEIbHOE YBEIUUEHNE 3aTpaT
SHEPIrUM Ha TPEOJOJICHWE PACTYyIIeHd CHJIBl BCTPEUHOTO COMPOTUBIICHUS
BO3/lyXa, BEJIMYMHA KOTOPOM MPOMOPIIMOHAIbHA KBAAPATy CKOPOCTU JIBUKCHUS
TpaHCHOpPTHOTO cpeactBa [16]. s UCKIIOYEHHUs yKa3aHHBIX YHEPreTUUYECKUX
MOTEeph TpeJJIaraeTcs OpraHU30BaTh CHUHXPOHHOE W COaJaHCUPOBAHHOE II0
o0beMaM OTKauYMBaHWE BO3JAyXa W3 MEpedHEell YacTH TPaHCHOPTOMPOBOAA U
HarHeTaHWe BO3/lyXa B 3aJHIOI0 YacTh TpaHCHopTompoBoaa. OOuuil mMpUHIKII
OCYLIECTBIICHHUS] MPOLECCa BHEUIHEr0 BO31YXOOOMEHAa U KOHCTPYKTHUBHBIE
AJIEMEHTHI YCTPONCTBA, MPUMEHSIEMbIE JIJISl OCYILIECTBICHUSI JAHHOTO MpOoIEcca,
rokasasnsl Ha Puc.

[lepepacnpenenenue BO3AYIIHOTO MOTOKA MexAy nepeaneit (1) u 3aguei
(2) dyacTAMM TpPaHCHOPTONPOBOAA OCYIIECTBISETCS MyTEM OpraHu3aluu
BHEIIIHETO  BO3JAyXO0oOMeHa dYepe3 O00OCOOJEHHBIH 110 OTHONICHHIO K
TPAHCMOPTONPOBOAY  BO3JAyXOHaKonutenb (3), NpeACTaBISIOMMN  coOoM
TUMHWYHBIA pe3epByap MJIsi XPaHEHHsS Tra3oB, KaK MPaBWIO, LUIUHIPUYECKOU
(dbopMbI, CBApHOM KOHCTPYKIMHU C MOBBIIIEHHBIMA TPEOOBAHUSIMU K MaTepHUaiam,
MIPUMEHSIEMBIM JJISI UX U3TOTOBIICHHUS.
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Puc. Obmas cTpykTrypa ¥ IpHHIHII SUCTBHUS YCTPOMCTBA BHEITHETO BO3IyX000MeHa
¢ 000c00JIEHHBIMU BO3TyXOBOJIAMHU:
1 — mepenHss YacTh TPAHCIIOPTOIPOBO, 1A (001aCTh MOBBIIICHHOTO JABJICHUS BO3IyXa);
2 — 3aJHSS 9aCTh TPAHCIOPTOMPOBOIa (00JACTh MOHMKCHHOTO JaBJICHUS BO3/yXa);

3 — BO3yXOHAKOIUTEIIb; 4 — CKBO3HOE OTBEPCTHE B KOPITYCE TPAHCIOPTOIPOBOIA JIJIs
OTKAYKH BO3J1yXa; 5 — CKBO3HOE OTBEPCTHE B KOPITyCEe TPAHCIIOPTONPOBO/IA JIJIsl HArHETaHHS
BO3/1yXxa; 6 — 000COOIEHHBIN OTBOIAIINN BO3TyX0BO; 7 — 000COOIECHHBIN HArHETAIOIIHMA
BO3/IyXOBO/JI; 8 - OTBOJISIINE KOMIIPECCOPHBIC YCTAHOBKU BKIIFOUCHBI;, 9 — HarHETAOIIUE
KOMIIPECCOPHBIE YCTAHOBKH BBIKITIOUEHBI; 10 - 3aIBUKKA OTBOJISIIIIETO BO3IyXOBOA B
OTKPBITOM TOJIOXKeHHH; 11 — 3aIBI)KKA HArHETAIOIIETO BO3IyX0BOIa B OTKPHITOM
MOJIOXKEHHH; 12 — HarHETaKIMe KOMIIPECCOPHBIC YCTAHOBKH BKJIFOUEHBI; 13 — 3aIBIIKKa
HaArHETAOIIEro BO3JyX0BO/Ia B 3aKPBITOM IOJIOKEHUH; 14 — 3a]IBM)KKA OTBOJISIIETO
BO3/[yX0OBOJIa B 3aKPBITOM ITOJIOKECHUH; 15 — OTBOSIINE KOMIIPECCOPHBIC YCTAHOBKHU
BBIKITIOUYEHBI; 16 — HampaBiieHHue ABIKEHHUE BO3yXa U3 TPAHCHIOPTOIIPOBO/A B
BO3JIyXOHAKOMHTENb; 17 — HanpaBleHUe IBIKEHUE BO3AyXa U3 BO3IyXOHAKOTIHUTENS B
TPAHCIIOPTONPOBO; 18 — CKBO3HOE OTBEPCTHE B KOPITYCE BO3AYXOHAKOTHUTENS AJIst
OTKa4YMBaHMsI BO3yXa; 19 — CKBO3HOE OTBEPCTHE B KOPITYCE BO3AYXOHAKOMUTEIS JIsI
HarHeTaHus Bo3ayxa; 20 — KOpImyc TpaHCHOPTONpPoBoa; 21 — TpaHCTIOPTHOE CPEICTBO.

Jlns  opraHW3anMM ~ BHEIIHETO  BO3AyX00OMeHa B KOpITyce
TPAHCIIOPTONPOBOJIA JEIACTCSA, 10 MEHBIIEH Mepe, OJTHO CKBO3HOE OTBEPCTHE
(4) nna oTKaykW BO3AyXa, W, IO MEHBIIIEH Mepe, OJJHO CKBO3HOE oTBepcTHe (5)
JUIl  HarHeTaHws Bo3ayxa. OTBEpCTHS HM3rOTaBIWMBAIOTCA, KakK IPaBHUIIO,
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OKpYIJION (DOpMBI B MONEPEYHOM CEYEHUU U PABHOMEPHO PACTIPEIEIISIIOTCS IO
KOPIYCY TPaHCIOPTOINpPOBOJA. PeKkoMeHyeTcsl OTBEPCTHS Pa3HbIX TUIIOB (715
OTKa4YKM W HarHeTaHusl BO3[yXa) pacrojaraTh MOMAapHO B HEMOCPEICTBEHHOU
0JIM30CTH JApPYr OT JApPYyra, HACKOJbKO JOMYCKalOT radapuThl KOHCTPYKLHUU
TPAHCIIOPTONPOBOIA.

YCTpoiiCTBO BHEIIHETO BO3AyXO0OMEHAa COCTOMT U3 000COOJICHHBIX
orBosaumx (6) wu HarHeraromux (7) BO3AYXOBOJOB, IO KOTOPBIM
COOTBETCTBEHHO OCYILECTBISETCS OTKAauyKa BO3JyXa W3 TPAHCIOPTOIPOBOJA U
nojaya  BO3JyXa B TPAaHCHOPTONPOBOA;  Bo3ayxoHakomutens  (3),
NPUHUMAIOIIETO OTKa4MBaEMbIii BO3JIyX u3 nepenHen 4acTH
TPAHCIIOPTONPOBO/IA, U OTKY/AAa OTOMpAETCS BO3AYX JJIsl HAarHETaHUs B 3aJIHIOIO
4acTb  TPAHCIOPTONPOBOJA; KOMIIPECCOPHBIX ycTaHOBOK (8) u  (9),
BBIMOJHSIOMKUX paboTy MO TMepeKauyke BO3/AyXa; 3aJBHXKEK, KOTOpbIE
UCTIONIB3YIOTCSL IS NPEJOTBPAILlEHUS]  MEepeToKa  BO3AyXa  MEeXAy
TPAHCIIOPTONPOBOJOM M BO3JAYXOHAKOMHUTENEM  TpPU  OTKIIOYEHHBIX
KoMIipeccopHbIX ycTaHoBkax. Ha Puc. 1 3agBwxkku (10) um (11) moka3anel B
OTKPBITOM TOJOXKEHHH, Koraa oTBomsammid (8) wu Harmeraromui (12)
KOMITpeCCOphl BKIIOYEHBI, a 3aABWXKU (13) m (14) mokazaHbl B 3aKpHITOM
HOJIOKEHUH, KOrja Komipeccopbl HarHeTamomuid (9) u orBomsammii (15)
KOMITpECCOpPhl OTKIIOYEeHbI. [lpu maHHOM pabodyeM COCTOSHUU DSJIEMEHTOB
BO3yXOOOMEHHOTO yCTpOMCTBa BO3JIYX u3 nepeaHen 4acTH
tpancmopronpoBoga (1) mepememaercss B Bo3ayxoHakomnutedb (16) u u3
BO3JyXOHaKomuTems nepememniaercs (17) B 3aHIO0 YacTh TPAHCIIOPTOIPOBO/IA
(2). Bo3moyxkHa opraHmM3aiis Ipolecca BO3AyX00OMeHa 0e3 HCIOJIb30BaHHS
YCTPOICTBA BO3AYXOHAKOMMUTENS HampsMmylo dYepe3 arMmocdepy. Takas
KOHCTPYKLIHMSI MOXET TNPUMEHATHCS Uil CHIDKEHHMSI 3aTpaT Ha COOPYKEHHUE
BBICOKOCKOPOCTHOM TPAaHCIIOPTHOW CHCTEMbI HA3€MHOT'O UCIIOJTHEHUSI.

COBOKYIHOCTh ~ OTBOJAIIMX  BO3AYXOBOJOB C  3aJBWKKAaMU U
KOMIIPECCOPHBIMHM YCTaHOBKaMHU OOPa3ylOT OTBOJAILIYIO CUCTEMY. AHAJIOTHUYHO
COBOKYIHOCTh  HAarHeTAalolUX  BO3AYXOBOJOB  C  3aJBWKKaMH U
KOMIIPECCOPHBIMM ~ yCTAaHOBKaMU  OOpa3ylOT  HAarHEeTaloIlyl0  CHCTEMY.
KOHCTpYKTUBHO M (PYHKIHMOHAJIBHO COEIWHEHHBIE B €IMHOE YCTPOWCTBO
OTBOJISIIIINE BO3yXOBO/IbI, 3aJJBUKKH U KOMIIPECCOPHBIE YCTAHOBKHU, PABHO KaK
U COEIUWHEHHBbIE HAarHeTalollMe BO3AYXOBOJbBI, 3aJBMKKH M KOMIPECCOPHBIE
YCTaHOBKH, o0Opa3yoT 000co0OneHHbIE Y3JIbI COOTBETCTBYIOIINX
BO3JyXOOTBOJAILIEH MJIM BO3AYXOHArHETAIOIIEH CUCTEM (Aajiee — KOMIIOHEHTBI
BO3/TyXOOOMEHHOW CHCTEMBI).

Oteogsimne (8) wu  Har"eraromue (9) BO3IYyXOBOABI TE€PMETUYHO
MPUKPEIUIAIOTCA  (CBUHUYMBAHUEM, CBAapKOM WM JPYTMMHU  HAJEKHBIMU
cnoco0amMu) K TPaHCHOPTONPOBOAY U BO3JYXOHAKOIHUTEIID IO MEPUMETPY
COOTBETCTBYIOIIMX CKBO3HBIX OTBepcTUd (4) u (5). AHaJIOTMYHBIM 00pa3zoM
BO3JyXOBOJbl NPHUKPEIUIAIOTCA K BO3AYXOHAKONUTENO (3) MO MNEepUMETPY
ckBO3HBIX oTBepcTuit (18) m (19) B ero xopmyce. I'epmeTnudHOe COETUHEHUE
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TPAHCIIOPTONPOBOJA U BO3JAYXOHAKOMUTES MO3BOJIIET  CO37aBaTh
BBICOKOCKOPOCTHBIE TPAHCMOPTHBIE CHUCTEMBI MOJ3EMHOIO U MOJBOJIHOTO
WCTIOTHEHUSI.

[Ipyu HEOOXOIUMOCTH HWHTEHCUBHOCTH BO3JyXOOOMEHA MOXKET OBITh
MOBBIIIEHA 3a CYeT J00aBJCHUS JOMOJHUTEIBHBIX OTKAuYMBAIOUIUX U
HarHeTawIuX BO3yX0B0o10B. [Ipu 5TOM BO3MOXKHO YIIJIOTHEHHE BO3/YXOBOJIOB
(6) u (7) nyreM uX TMPUCOCIUHEHHUS K TPAHCIOPTONPOBOAY WIHU
BO3/IYXOHAKOIIUTEIIO Yepe3 COBMEIEHHbBIE CKBO3HBIE OTBepcTus (4) u (5), mubo
(18) u (19) coorBercTBeHHO. Takoe KOHCTPYKTHMBHOE pEIIEHUE TaKkKe
MO3BOJISIET YMEHBIIIUTh Ta0ApUTHBIC Pa3MePhbl BO3TYXOHAKOTIUTES.

Opranuzanus BHEIIIHETO BO3/yX000MeHa npeaycMaTpuBaeT
perynupoBaHue pabOThl  3aJBIKEK M KOMIIPECCOPHBIX  YCTAaHOBOK B
aBTOMAaTHUYECKOM  pEXHMME€ Ha  OCHOBE  JIaHHBIX O  (pakTUUYeCKOM
MECTOHAXOXKJICHUM TPAHCIIOPTHOTO CPEJACTBA BO BHYTPEHHEW IIOJIOCTHU
TPAHCIIOPTOINPOBOJIa M CKOPOCTH €ro ABMKeHHs. J[111 cOopa coOTBETCTBYIOIIEH
uHQOpMalMK MOTYT TIPUMEHSTHCS DJJICKTPOHHBIC JATYUKH, BCTPOCHHBIC B
TPAHCTIOPTONPOBOSANINNA TyTh, KOPIYC TPaHCIOPTONPOBOJA W TOABMIKHOMU
coctaB [14, 17-20]. CkopocTh ABHKCHHS TPAHCIIOPTHOTO CPEJCTBA MO KAXKIOMY
OTPE3KYy CKOPOCTHOTO y4acTKa HOPMHUPYETCS B 3aBUCHMOCTU OT (haKTHUECKOU
IPOU3BOUTEILHOCTH KOMIIOHEHTOB BO3yXOOOMEHHOW cucteMbl. [lpu sTom
BOIIPOCHI PEryJUpPOBaHUS PaOOTHl KOMIIOHEHTOB BO3J1yXOOOMEHHON CHCTEMBI
SIBJISIFOTCS CAMOCTOSITEJIbHOM TEMOW HCCIIEJOBAHUSI U HE PacCMaTpPUBAIOTCS B
paMKax HacTOSIIEH CTaThH.

BBIBOJIbI

PazpaGorannplii  croco®  mpeaHa3sHAyeH JUISI  CHIDKCHHS  CHJIBI
COTPOTHBIICHHUS BO3/AyXa MpPH IBUIKEHUU TPAHCIOPTHOTO CPEICTBA BHYTPU
TePMETUYHOTO TPAHCIOPTONpPOBOJa 0Oe3 co3maHusi Bakyyma. Ilpu 3ToMm
MPE/ICTABICHHBIE B CTAaThe pE3YJIbTATHl HCCICIOBAHUS W TPEIJIOKEHHBIC
pa3pabOTKM HE WMEIOT MU TOCTaBUTh TOJI COMHEHHUE TEPCIEKTHBHOCTH
pa3pabotkn M 3G(PEKTUBHOCTh HCIOJIBb30BAaHUS BaKyyMHBIX TPAHCIIOPTHBIX
CUCTEeM. ABTOpPBI CTPEMSTCS TPHUBJICYb BHHUMAHHE CICIMAIUCTOB K
HEOOXOIMMOCTH JaNbHEHIIETO pPa3BUTHUS CHUCTEM M KOHCTPYKIIHH, KOTOPHIC
CIIOCOOHBI O0ECMEYNTh CHWKEHUE TMPOPUIBHBIX COMPOTUBICHUNA BO3AyXa
JIBUKEHUIO  TPAHCIOPTHBIX  CPEJACTB C  BBICOKOH  CKOPOCTBIO  TIO
TPAHCTIOPTONPOBOIaM TOHHEIBHOTO W TpyOHOro THma. [lo MHEHHIO aBTOpPOB,
MOJOOHBIE TPAHCTIOPTHBIE CHUCTEMBI HMMEIOT TEPCHEKTUBBI JUISI ITHPOKOTO
npuMeHeHus. B mocnegHee BpeMsi OOCYKIAIOTCS Pa3jUYHBIC TPOEKTHI
COOPYKEHUS TIOJIOOHBIX KOHCTPYKITUH MOA3EMHOTO M TTOABOIHOTO MCTIOTHEHUS.
Hanpumep, HaunumonansHoe KOHCynbTaTUBHOE Opo u3 OO0bEIUHEHHBIX
Apabckux DMHUPATOB OOBSBUIIO O TUIAHAX CTPOUTEIHCTBA MOABOTHOTO TYHHEIS
Mexay Oymkeripot (OAD) u Mymbau (Uuaus), KOTOpbiid OyJeT HAaXOIUThCS Ha
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yrayOnaeHun ot noBepxHoctu Munuiickoro okeaHa. [1o repMeTHHHOMY TOHHEIIO
IUJTAHUPYETCS  OPraHM30BaThb CKOPOCTHOE  JIBMDKEHHE  KEJIE3HOIOPOKHBIX
MOE3/I0B, a TakXe NPOBECTH TPYOONMpoBOABI C HEPTHIO, Ta30M U BOJOM.
JIOTIOMHUTENBHO 00CYKIAeTCsl BONPOC MPOKIAAKKA B TOHHENE M30JIMPOBAHHOIO
(OpBaKyyMHOI'O  e€JIE€3HOAOPOKHOIO  TpaHcnopromporoga. Ilpu  stom
IapaMeTpbl OJABOAHOTO TOHHENS MO3BOJISIIOT pa3MECTUTh B HEM MPEJIaracMyto
aBTOpaMU CTAaTbU CHCTEMY BHEIIHETO BO3JyXOOOMEHA, KOTOpas MO3BOJMUT
YOPOCTUTh KOHCTPYKLHMIO TOHHEJS U MOBBICUTH CKOPOCThH ABMKEHHS IOE3/0B.
Pa3paboTanHblii aBTOpamMu CHocoO TakkKe MOXKET ObITh HCHOJIB30BaH MpH
OpraHu3alyy KeJIEe3HOIOPOKHOTO COOOIICHHS IO TOHHENI0 MEXy XeJIbCUHKU
1 TalJIMHHOM, KOTOpPBIM MJIAHUPYETCS MOCTPOUTH B OJMKaWIIUE TOJbI MO JHY
banTtuiickoro mops.

BJATOJAPHOCTHU

ABTOpBI BBIpaXKalOT 0JIArOIAPHOCTH OPTaHMU3aTOpaM M Y4aCTHHUKAM
7-i MexnyHapoaHou Hay4YHO-TIPAKTUYECKOU KOH(epeHIun
«MarHuToJeBUTAIMOHHBIE  TPAHCHOPTHBIE  CUCTEMBI U TEXHOJOTHUH
(MTCT’19), B paMkax KOTOPOU MPOIIO OOCYXKIEHHUE MPECTABICHHOW BBIIIE
pa3paboTKu U ObUIM BBICKa3aHbI BEChbMa IIEHHBIE 3aMEUaHUs U TPEJIOKECHHUS,
YTO MO3BOJIMJIO ABTOPAM YIIYYIIUTh CTPYKTYpPYy CTaThbU U CHI€JIAHHBIE B HEWM
BBIBOJIBL.

ABTOpBI 3a5IBJISIIOT, YTO:
1. V Hux HeT KOH(JIMKTAa HUHTEPECOB;
2. Hacrosimmas ctaThsi HE CONEPKUT KAKHUX-THOO HMCCIIENOBAaHUN C ydacTHEM
JIFOE B KAUeCTBE OOBEKTOB HCCIIEOBAHMIA.
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PocToBckuii rocyaapcTBEHHbI YHUBEPCUTET MyTel COOOIIECHUS
(PoctoB-na-Jlony, Poccus)

JUHEWHBIE ACHHXPOHHBIE IBUT' ATEJIN
BE3 NIPOAOJIBHOI'O KPAEBOI'O D®®EKTA

OobocnoBanme: [lpu BBICOKMX CKOPOCTAX JIBH)KEHHS MArHUTHOJEBUTAIIMOHHOTO
tpancropta (MJIT) y nuHelHbIX acuHXpoHHBIX naBurateneil (JIAJl) Bo3HMKaeT BTOPUYHBIN
poaobHBIA KpaeBoit agdekt (BIIKD). BITKD Bo3HuKaeT npu B3auMoeCTBUN MAarHUTHOTO
OJISI UHIYKTOpa ¢ TOKaMH BTOPUYHOTO 3ieMenTa (BD) 3a npenenamu sxunaxa MJIT. BITKD
cHIDKaeT koddduuuent mnoneznoro aeiictBus Taroebix JIAJl. Ilosromy axTyanbHa 3amada
camxenus Biusiaus BITKD.

Hean: Pa3zpaboTka W WCClIeIOBaHWE JIMHEWHOTO AaCHHXPOHHOTO JBHUTATENs 0e3
BTOPUYHOTO MPOJOJIBLHOTO KpaeBoro dddexra.

Metoabl: [[ns peanu3anuu NOCTABICHHOW LEIW NMPEUIOKEHBI HOBbIE KOHCTPYKIIHMH
JIMHEMHBIX aCHHXPOHHBIX JBHUraresiei, y Kotopbix oTcyrctByeT BIIKD. Bropuunsblil s5eMeHT
JIAJI (myreBasi ctpykrypa MJIT) U3roToBieH U3 MpOBOIAIINX MIIMHAPUICCKAX CTEPIKHEH,
YCTaHOBJICHHBIX C BO3MOXKHOCTHIO BpamieHus. TsroBeiii JIAJl MJIT cHaGxkeH aByms
LIETKaMM, KOTOPbIE€ 3aMbIKalOT CTEpKHU BO B mpenenax muHbl nHAyKTOpa. 1Ipn nBuxeHnn
sxkunaxxka MJIT cTepxHM 3a penenaMy HHIYKTOpaA IETKaMU HE 3aMKHYTBI, U TOKA B HUX HET.
He 6yner u BIIKD. Eme onun MeTos pemieHus TaHHOM 3aa4d — UCIIOJb30BaHHE TePKOHOB
JUISl 3aMBIKAHMS U Pa3MbIKaHUS CTEPKHEN BTOPUYHOTO HJIEMEHTA.

PesyabTaThl: JlocTurHyra BO3MOKHOCTH yBENWYEeHHs] KOd(PUIUMEHTa MOJIE3HOTO
nenictus JIAJI.

Knrouesvie cnosa: nNUHENWHBI aCUHXPOHHBINA JBUTaTelb, BTOPHUYHBIM IPOOJIBHBIH
KpaeBoil 2(PQeKT, MArHUTHOJEBUTAIMOHHBIA TPAHCIOPT, CTEPKHH OOMOTKH BTOPHUYHOTO
AJIEMEHTA, YTOJIbHBIC IIETKH, FT€PKOHBI.

Pabora BeimonHeHa mnpu mnojanepxkke Poccuiickoro Qonma ¢GyHAAMEHTATBHBIX
uccnenoBanuil B pamkax rpanta opu M PIXKJI, mpoekt Ne 17-20-04236
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Rubric 2: SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field “Electrical Engineering”

© Vladimir A. Solomin, Andrey V. Solomin, Anastasiya A. Chekhov,
Larisa L. Zamchin, Nadezda A. Trubitsin

Rostov State Transport University

(Rostov-on-Don, Russia)

LINEAR INDUCTION MOTORS
WITHOUT LONGITUDINAL EDGE EFFECT

Background: At high speeds of motion of the magnetic-levitation transport (MLT),
linear induction motors (LIM) have a secondary longitudinal edge effect (SLEE). SLEE
occurs when magnetic field of inductor interacts with the currents of the secondary element
(SE) outside the MLT crew. SLEE reduces the efficiency of traction LIM. Therefore, the task
of reducing the influence of SLEE is relevant.

Aim: Development and research of a linear induction motor without a secondary
longitudinal edge effect.

Methods: To achieve this aim, new designs of linear induction motors have been
proposed, which do not have a SLEE. The secondary element of the LIM (track structure of
the MLT) is made of cylindrical conductive rods installed with the possibility of rotation.
Traction LIM of the MLT equipped with two brushes that close the rods of the SE within the
length of the inductor. When the MLT crew moves, the rods outside the inductor are not
closed by brushes and there is no current in them. There will be no SLEE. Another method to
solve this problem is using reed switches to close and open the rods of the secondary element.

Results: The possibility of increasing the efficiency of the LIM has been achieved.

Keywords: linear induction motor, secondary longitudinal edge effect, magnetic-
levitation transport, rods of the secondary element winding, carbon brushes, reed switches.

BBenenue

MarnutHoneButanimonHslii Tpancnopt (MJIT) mo3Bonut co3nath HOBbBIE
TPAHCHOPTHBIE KOPUAOPHI MEXKAY BOCTOUHBIMU U 3aIlaIHbIMU 4acTsAMHU Poccun,
CHU3UTh BpEeMs HAXOXKIEHUA B MYTH MNPU MACCAKUPCKUX U TPY30BBIX
MIEPEeBO3KaX 3a CUET BBICOKMX CKOPOCTEW ABMKEHUSA. MarHUTHOJIEBUTAIMOHHBIN
n BakyyMHbld MJIT (BMJIT) mMoryT 3HaYuTEIbHO W3MEHHUTH HAIPABICHUS U
WHTEHCUBHOCTh TOBAapHOTO Tpy30000poTa BO BCEM MHpPE, UYTO OyneT
CcrocoOCTBOBAaTh TEXHUYECKOMY MPOTPECCY U AIKOHOMHUUYECKOMY POCTY MHOTHX
ctpadH. Bompocam pa3paboTkM U pa3BUTUS MArHUTHOJEBUTAIMOHHOTO
TpaHCHOpTa MPUAAETCs OOJIBIIOE BHUMAHHUE B IPOMBILIJIEHHO Pa3BUTHIX U J1aXKe
pasBuBaromuxcs crpanax. B Poccum Hag mpoGnemamu u 3amagamMu CO3/IaHUSA,
uccnenoBanust U npuMeneHuss MJIT paGoTaroT MHXXEHEPHl M y4YEHbIE MHOTHUX
opraHuzanui, B uyucie KoTopbix IleTepOyprckuii  rocyaapcTBEHHBIN
yHuBepcuteT nyted coobmienus (IIINYIIC), na 6a3ze KOTOpOro co3gaH KiacTep
«Poccuiickuit Marnes», Poccuiickuil yuusepcuret tpancnopra (PYT-MUNUT),
PocroBckuii rocynmapctBeHHbI yHuBepcuter myte coobuienus (PI'YIIC),
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HAYYHO-HCCIICIOBATEIbCKHE WHCTUTYTHI M MPOMBINUICHHBIC TIpeanpustus [1-7,
15]. Jns tarosoro mnpuBoga MJIT u BMJIT npenHa3sHaueHbl JUHEHHBIE
JJIEKTpUYECKUE  ABUratreld. B crarbe  paccMaTpUBalOTCA  JIMHEHHBIE
acunxpoHHble nBuratenau (JIA/]), koToppie MOTyT UMETh MYTH JJIsl 3aMbIKAaHUS
OCHOBHOT'O O€ryIero MarHuTHOrO MOTOKa Kak B MPOJOJBHOM, B MONEPEUHOM,
TaK M B  NPOJOJIBHO-TIONIEPEYHOM  HANPABIECHUAX.  ODKCILTyaTalHs
BbIcOKOCKOpocTHOro MJIT moTpeOyeT 3HaUMTENbHBIX MaTepUaIbHbBIX PECYPCOB
U 3a7a4yd UX YMEHBIICHUS SBIAIOTCA aKTyalbHbIMU. IIpum ucnosib3oBaHuU
JIMHEMHBIX ACHUHXPOHHBIX JBUIaTeJedl B  KayeCTBE TATOBBIX  MallWH
BBICOKOCKOPOCTHOI'O ~ MAarHUTHOJIEBUTAllHOHHOIO  TPAHCIOpPTa  BO3HUKAET
BTOPUYHBIM  TpoAofibHbIl  KpaeBod  adpdexr (BIIKD), cHmwxkaromumii
K03 (HULMEHT osie3HOTo AeiicTBus cuctembl MJIT.

Hean

CoznaHve HOBBIX KOHCTPYKIMM JIMHEHMHBIX aCHHXPOHHBIX JBUTATENEH,
CIOCOOHBIX paboTaTh 0€3 BTOPUYHOIO MNPOAOIBLHOTO KpaeBoro 3ddexkra u
UMEIOIUX YBEIUYCHHBIH KOAP(DPUIMEHT TMOJE3HOro JACHCTBUS — IeJib
npeacTaBieHHON pa3paboTrku. OcobenHo pe3ko mposisiasercs BIIKD mpu
BBICOKMX CKOPOCTSIX JBUKEHUS, IMO3TOMY HEOOXOJAMMO COBEPIICHCTBOBATH
KOHCTPYKIMH TATOBBIX JIAJ[ 17 MarHMTHOJEBUTAMOHHOTO TPAHCIOPTa U
BakyymHoro MJIT.

KoHCcTpyKUUA JUHEHHOTO0 ACHHXPOHHOTI0 IBUTATEJISA

Bompocel  ucciienoBaHus  TPOIIECCOB, OOYCIOBIEHHBIX KOHEYHBIMU
pasMepaMH JIMHEHWHBIX ACHHXPOHHBIX JBHUTATEJIC B TOM WM WHOM CTEICHU
ocBemieHbl B paborax [8-19]. IlyGnmkarwmii, mocesimennbix JIAJ] 0e3
BTOPUYHOTO TPOJOJIBHOTO KpaeBoro sddekra g0 cux mop He umeercs. B
OCHOBY pa3pabOTKU JUHEHHBIX aCHHXPOHHBIX Burateneit 6e3 BITKD nmonoxena
ulesl O MOJHOM OTCYTCTBHM TOKa B 3JIEKTPONPOBOISAIIEH YaCTH BTOPUYHOIO
sanementa (BD) mammHbl, pacrnosigoKeHHOW BHE MPEAENIOB PaCIONIO0KEHUS
MHAYKTOpa. PaccMoTpuM  1mepBbIi  BapUAHT KOHCTPYKLMU  JIMHEHMHOrO
ACMHXPOHHOTr0 ABUratens. Bropuunslii s5memeHT (sikopb) JIA/l. BerpoeHHblil B
nyTeByto cTpykTypy MIJIT, cogepxku KOPOTKO3aMKHYTYI0O OOMOTKY, COCTOSIITYIO
u3 KPYIJIBbIX AIEKTPOIPOBOISIINX CTEp>KHEH, OPUEHTUPOBAHHBIX
MEPIIEHANKYJIAPHO HANPABICHUIO JBUKECHUS TpaHCHOPTHOro skunaxa MJIT u
YCTAHOBJIEHHBIX C BO3MOKHOCTBIO BpalleHus. ['J1aBHasi 0COOEHHOCTh JAHHOIO
JTUHEHHOTO ACMHXPOHHOTO JIBUTATENsl B TOM, YTO KOPOTKO3aMKHYTOM 0OMOTKa
CTaHOBUTCA TOJbKO mnoxa uHAYKTOpoM JIAJl, KOTOpBI pa3MenieH Ha
TPAHCIIOPTHOM  DKHIIAXKE. OnekTponpoBogsamue crepxkHu  nox  JIA/L
3aMBIKAIOTCSl HAKOPOTKO MOCPEACTBOM JBYX YIOJIBHBIX HIETOK, PACIIOIOKEHHBIX
mo o0e CTOpOHBI OT CepJICYHHKAa HMHAYKTOpa MU PaBHBIX €My MO JJIMHE.
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KoHcTpyKkTHBHAs cXe€Ma TaKOro TSArOBOTO JIMHEMHOTO aCUHXPOHHOI'O JIBUTaTEls
npeacrasieHa Ha Puc. 1.

JIuHelHbII aCHHXPOHHBIN JABUTAaTENb CONEPKUAT MHAYKTOP 1, cocrosmui
U3 cepAedHuKa U Tpexdas3Hoil 0OMoTkU. HAYKTOp 3aKpersieH Ha IUIaHKe 2 u3
HedJIeKTpoIpoBoaiiero Marepuaia (Puc. 1, a). Bropuunsliii amemMeHT (mmyTeBast
ctpyktypa  MIJIT) cocrour w3  cepaeyHuka 3 I[UWIMHAPUYECKUX
ANEKTPONPOBOIAIINX CTEP)KHENM 4, pa3MENIEHHbIX B Ma3ax CEepACYHUKA C
BO3MOKHOCTBIO BpallleHUsI BOKpYT cBoeil ocu (puc. 1, 6). B mpeaenax qiuHbI
uHaykropa JIAJL crepkHU 4 3aMKHYTHI LIETKAaMU 5 W3 3IEKTPONPOBOJSIIETO
matepuana. lllerkun 5 ycTaHOBIEHBI MO 00€ CTOPOHBI MHAYKTOpPAa U KECTKO
CBA3aHBI C MJIaHKOM 2. KOHIBI 3EKTPONPOBOASIINX CTEPHKHEN 4 PACIIONOKEHBI
B noamunaukax 6 (Puc. 1 0).

2 2\ 0) /7 /4 /5
——7
R [ | A—i
5\\ \\ Q ’/5 3 '
| I - Jﬁﬁ L1 -

: - }
\
!

a7/ /4// AP 77777
J 3 4

Puc.1. JIuHeitHbIl aCHHXPOHHBIN ABUTATEIb C 3aMBIKAOIIMMU IIETKAMU, a)
1 00MOTKa BTOPHYHOT'O DJIEMEHTA, 0).
1 — umHAYKTOP C Tpexda3HO 0OMOTKOM; 2 — TUIAHKa U3 U30JISIIMOHHOTO MaTepHalia;
3 — ceplIeYHUK BTOPUYHOTIO 3JIEMEHTA; 4 — MUIMHAPUICCKUE JICKTPOIIPOBOASIINE CTCPKHU
0OMOTKHM BTOPUYHOTO AJIEMEHTA; 5 — IIETKU U3 AJIEKTPOIPOBOIAIIECTO MaTepraa;
6 — DOALINITHUKHA

[IpyHIMIT  AEHCTBUSA  PAacCMATPUBAEMOIO JIMHEWHOTO AaCHHXPOHHOIO
JIBUTATENA 3aKitodaeTcs B cueayomeM. [Ipu momayde TpexdazHoro HanpsKeHus
Ha OOMOTKY MHIYKTOpa BO30YyKIaeTcs Oeryiiee B MPOJOJIFHOM HalpaBICHUH
MarHuTHOE moJje. beryiiee MarHWTHOE TOJIE TEPEeCEeKaeT CTEPKHU OOMOTKHU
BTOPUYHOTO 3JIEMEHTA, PACIONIOKECHHbIE mmoa uHAykropom (Puc. 1, 0), u
UHIYKTUPYET B HHUX DJIEKTPOJBIKYIIHE CUibl. CTEpXKHU MOJA HHAYKTOPOM
3aMKHYTBl ~ HAKOPOTKO  DJIEKTPOTPOBOASIIMMH  IIETKAMH H  00pa3yloT
KOPOTKO3aMKHYTYI0 ~ OOMOTKY,  BCIEICTBHE  O3TOr0  MOJ  JIEHCTBUEM
AJEKTPOJABMAKYIIMX CHJI B CTEPXKHSAX MOTEKYT TOKH, BCTYIMAIOMKE BO
B3aMMOJICHCTBUE C OeryimuM MarHuTHBIM mojieM. B pesynbrare co3gaercs
TSATOBOE yCUIme, IepeMeIaroee AHAYKTOP JTA (aKumax
MAarHUTHOJIEBUTAIIMOHHOTO TpaHcropTa). [Ipu ABMXKEHHM UHIYKTOP (IKUIAXK
MUJIT) Bce Bpemsi MEHSIET CBOE€ IOJIOKEHUE U IIETKH Pa3MbIKAIOT CTEPIKHU,
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OCTaOIIKECS 0331 TPAHCIOPTHOTO dKUNaxa. Toka B 3THUX CTEpKHAX ObITh HE
MOXXET WU He OyAeT »3JIEKTPUYECKUX MOTEePh MOIIHOCTH, YTO IOBBIIIAET
KO3 (PUIMEHT MOJE3HOT0 MACHCTBUS TATCOBOTO JIMHEMHOIO AaCHHXPOHHOIO
nsurarenss U cucreMbl MJIT B 11e10M M CHMXKAeT pacxolbl IPU JKCILIyaTaluy
HOBOT'0 BHJIa TPAHCIIOPTA.

3HaUMMBIMU HEJIOCTAaTKaMU MpeajoxeHHoro JIAJ[ sBnsercsa Hanuyue
TPEHUsT MEXIYy LIETKaMM M CTEpP)KHSIMHU M HUCKpPEHUME B KOHTAKTE IIETKa-
CTEpKEHb IIPU pas3pblBE LENU INPU ABHKEHUU BBICOKOCKOPOCTHOI'O HKMUIIAXKA
MUJIT. DTuX HEZOCTaTKOB HE UMEET BTOPOM BAPUAHT KOHCTPYKLHMH JTUHEHHOTO
acuHxpoHHoro asuratensa 6e3 BIIKD, snekrponpoBogsiire cTep>KHU 0OMOTKU
BTOPUYHOTO JJIEMEHTa KOTOPOro 3aMKHYThl C OJHOW CTOPOHBI 0OIIen
JJIEKTPOIPOBOISIIEH [IWHOM, @ C JIPYrol CTOPOHBI MEXIAY KaXAO0M Iapou
CTep>KHEH  pacroJIOKEHbl ~ MAarHUTOYNPABISIEMble  KOHTAKTHI  (T€PKOHBI),
ANEKTPUUYECKU CBsI3aHHbIE co cTepxkHsAMH. KoHcTpykius JIA/] npencraBieHa Ha
Puc. 2.

a)

P

AR
/L
N

b
/
4 7
Puc. 2. JIuneliHpIl aCHHXPOHHBIN ABUTATEIb C 3aMBIKAIOIIIUMHU T€PKOHAMH, a) U 00OMOTKa
BTOPUYHOTO 3JIEMEHTA, 0).

1 — ungykrop; 2 — TpexdaszHas 0OMOTKa HHAYKTOPA; 3 — MOCTOSTHHBIA MarHmT;
4 — cepJIeYHUK BTOPUYHOTO DJIEMEHTA; 5 — 3JIEKTPOIIPOBOASAIINE CTCPKHH; 6 — IIIUHAa;

.\
\als i

77— MAarauToOynpaBJId€MbIC KOHTAKThI (F epKOHBI)

JIuHEeVHBI ACHHXPOHHBIM JBUraTellb CONCPKUT HHAYKTOp | C
beppoOMarHUTHBIM CEpICYHUKOM U TpexdazHoi ooMoTkoit 2. Mamykrop JIA]]
obopynoBaH MOCTOSSHHBIM MarHutoM 3 (Puc. 2 a). BropuuHblid 371eMEHT
(myreBast ctpykrypa MIJIT) coctouTt m3 ¢deppoMarHUTHOTO cepaeyHuKa 4 u
oomotkn S5 (Puc. 26). OOMOTKa BTOPHYHOTO DJIEMEHTa COCTOHUT U3
AJIEKTPOIPOBOISIINX CTEPKHEHN D, 3aMKHYTBIX C OJTHOM CTOPOHBI OOIIIEH MIUHOMN
6 (Puc. 2 6). C mpOTHBOIOJIOKHON CTOPOHBI MEXKIy Ka)XJIOH Mapol CTEepiKHEH
YCTAHOBJIEHBl MAarHUTOYIPaBIsieMble KOHTAKThl (F€PKOHBI) 7, 3JIEKTPUUYECKU
COCIMHEHHBIE CO CTEPKHSIMU OOMOTKH 5. I'epkoHBI 7, pacmoyOKEHHBIE MOJ
MOCTOSIHHBIM MarHutoM 3 (o sxkunaxeM MJIT), 3aMKHYTHI.

Bropoii BapumaHT KOHCTPYKIIMM TATOBOTO JIMHEWHOTO ACHHXPOHHOIO
neuratens 06e3 BIIKD paboraer craemyromum obOpazom. IlogkmroueHue
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MHIYKTOpa K HCTOYHHUKY TpeX(}a3HOro HampsKEHUs MNPUBOAUT K CO3AAHUIO
Oeryiero MarHUTHOTO TOJIs, NEPECEKAIOIIETO0 CTEPKHU OOMOTKH BTOPUYHOTO
AJIEMEHTA W HABOJSIIET0 B HUX AJIEKTPOABWXKYIIHUE CUibl. CTEpKHU OOMOTKHU
BD, pacnonoxeHHble 1O MHIYKTOPOM O00pa3yl0T KOPOTKO3aMKHYTYIO
0OMOTKY, MOCKOJbKY KOHTAKThl T€PKOHOB MOJ JACHCTBHEM MAarHUTHOIO MOJIS
MOCTOSIHHOTO Maruuta OynyT 3amkHyThl [lon neiictBuem DJIC B o6mMoTke BD
MOTEKYT TOKM. B3ammopeiicTBue Oerymiero MarHMUTHOTO TOJdS C TOKaMH B
OOMOTKE BTOPHUYHOI'O 3JIEMEHTA CO3JAeT TArOBOE YCHUIIME, IepeMellarolee
IKUIIAXK MAarHUTHOJIEBUTAIIUOHHOTO TPaHCIIOPTA. ITpu JBUKECHUU
BBICOKOCKOPOCTHOTO ~ TPAHCHOPTHOTO JKUIMaXka B HAOEramwIMuX YacTax
BTOPUYHOI'O JJIEMEHTa II0J JCHUCTBHEM IO IOCTOSSHHOIO  MarHuTa
3aMBIKAIOTCSl KOHTAKThl HOBBIX T€PKOHOB, 00pa3ys KOPOTKO3aMKHYTYI0 OOMOTKY
B JIpyroil yactu nyteBoi ctpykTypbl MJIT, a B cOerarmomumx 4acTsix BTOPUYHOTO
aneMeHTa («O0CBOOOMMBIIMXCS» M3-TI0A MHAYKTOpa JIAJl) KOHTAaKThl T€pPKOHOB
pPa3MBIKAIOTCS ¥ BHE MIPEIENIOB MHAYKTOpa (dKUMaxa) TOKH MPOTEKaTh HE OYIyT.
Bropuunbiii npoaosipHbI KpaeBoil 3¢G(dEKT B JaHHOM Ciydae MOJHOCTHIO
orcyrcTByeT. Cama KOpOTKO3aMKHyTass oOMoTka BD moa uHIyKTOpOM
neuxkyierocst skunaxx MJIT co3maercs 6e3 BCSKOrO TPEHHUS, YTO MOBBIMIAET
KO3 PUIMEHT MOJIE3HOTO AEHCTBUS TMHEHHOIO aCHHXPOHHOT'O JIBUTaTEIS.

Bausinue BITKJ na patdory JIAJL

Toku B DJIEKTPONPOBOIAIIEH YacTH BTOpUYHOro »siemeHta JIAJ]
IPOTEKAIOT TOJ JEHCTBHEM TpPaHC(HOPMATOPHOU JJICKTPOJABHKYIINECH CHIIBI U
OJC «umxenus». [Ipu Hu3kux ckopocTsax asrxkenus MJIT 6omnbiee 3HaueHNE
UMEET MEPBbIE U3 HUX, @ IPU BBICOKUX CKOpPOCTSAX — BTOphle. Ha ocHOBaHUM
TEOPETUUYECKUX TIOJIOKEHUH M OSKCIEPUMEHTAIBHBIX JAaHHBIX IOJYYEHO
COOTHOUIEHHUE, TO3BOJISIONIEE PACCUYUTHIBATD 3JIEKTPUUECKUE TOTEPH MOLTHOCTHU
BO BTOPMUYHOM DJJIEMEHTE, BO3HUKAKOIIME OT JCWUCTBUS BTOPUYHOIO
MIPOJIOJILHOTO KpaeBoro 3 dexra

2,6'8'(U1+3'f'8) Tl'vl
Pes =Byo Ay -y, v? -1075,
K.3. z0 2" Y2 vl U1+6'f'6 +70'f

rne B,q — MarHuTHas MHIYKIUS B BO3YLIHOM 3a30p€ B LIEHTPE UHIYKTOPA;
A, — cedyenune npoBozsel yactu BO;
Y2 — DIEKTPOIPOBOIHOCTH cTepxkHeN BI;
V1 — CKOPOCTb JIBH)KEHUS;
O — BO3IYIIHBIH 3a30p;
f —dacTora ToKa;
Tq — KO3 PUIIUEHT, 3aBUCAIINNA OT 3JIEKTPONPoBOAHOCTH BO.

Bce Benunuunbl nojactaBisitoTcss B popmyny B cucteme CU, pesynbrat
MoJay4aeTcs B «kB1».
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BbInoJIHEHHBIE ~ 3KCMEPUMEHTAIbHBIE HA  JYTOCTaTOPHOM  CTEHAE
UCCJIEIOBaHMS TOKa3aly, 4YTO HpPU CKOpocTH ABWkeHus 215 km/u y JIAJL
MomHocThi0 1,5 kBT 3a cuer morepe ot geiictBus BIIKD ko3dduuument
MOJIE3HOTO JIeHcTBUS cHU3MIICS Ha 12 %.

BbIBOABI

1. Tlonyd4eHO COOTHOILEHHE, TMO3BOJSIOIIME YUYUTHIBATH BIUSHUE
BTOPUYHOTO MPOJOJIBHOTO KpaeBoro 3¢ @dexra Ha paboOTy TATOBBIX JMHEHHBIX
acMHXpOHHBIX asurarenen MIJIT.

2. DBbINOTHEHHBIE 5SKCIIEPUMEHTANIBHBIE HCCIEIOBAHUS TOATBEPINIIN
0obllIOE  BJIMSIHME BTOPUYHOIO IPOJOJBHOIO KpaeBoro »s@dexra Ha
KO3 (UIMEHT TOJIE3HOTO  JIEUCTBUS W TIATOBOE  YCWUJIME  JIMHEWHOTO
ACHUHXPOHHOI'O JBUTATEIIS.

3. IlpensioxeHHble KOHCTPYKLIHMHM JUHEWHBIX ACUHXPOHHBIX JBUTAaTENECH
NO3BOJISIIOT UCKII0UNTh BiusiHue BITKD u noBbicuTh KOG PUIIUEHT MOJIE3HOTO
nericteus JIAJl 1 cUCTEMBI MArHUTHOJIEBUTALIMOHHOT'O TPAHCTIOPTA B LIEJIOM.

ABTOPBI 3a5IBJISIIOT, YTO:
1. V HuX HET KOH(JIMKTAa UHTEPECOB;
2. HacTosimmast ctaThsi HE COAEPKUT KaKUX-THOO HMCCIIEIOBAaHUN C y4acTHEM
JI0JIEN B KaueCTBE 0OBEKTOB MCCIIEJOBAHUH.

BUBJINOTrPAGUYECKHN CIUCOK / References

1. AwntonoB 10.®., 3aiineB A.A. MarHUTONEBUTAIMOHHAS TPAHCIIOPTHASI TEXHOJIOTHS
/ mox pen. B.A. TamanoBuua. — M: ®usmatiut, 2014, — 476 c. [Antonov YuF,
Zaitsev AA. Magnitolevitatsionnaya transportnaya tekhnologiya. Gapanovich VA,
editor. Moscow: Fizmatlit; 2014. 476 p. (In Russ)]. Hocrymuo mo: https:/b-
ok.org/book/2901328/800f1a/?_ir=1. Ccpuika aktuBHa Ha: 03.02.2019.

2. 3amues A.A., Tanamkun I'.H., Cokosoa f1.B. TpaHcmopT Ha MarHUTHOM ToJIBeCE /
mox ped. A.A. 3aiinesa. — CII6: III'YIIC, 2010. — 160 c. [Zaitsev AA, Talashin GN,
Sokolova laV. Transport na magnitnom podvese. Zaitsev AA, editor.
St.  Petersburg: PSTU; 2010. 160 p. (In Russ)]. MHocrymHO 1I0:
https://search.rsl.ru/ru/record/01004907216. Cchuika aktuBHa Ha: 01.02.20109.

3. Mal"HI/ITOJ'IeBI/ITaI_[I/IOHHHﬁ TPAHCIIOPT: HAYYHBIC HpOGJ’IGMH U TEXHUYCCKUC
pemienus / mox pen. FO.d. Antonoma, A.A. 3aiineBa. — M: ®usmarnut, 2015.
— 612 c. [Antonov YuF, Zaitsev AA, editor. Magnitolevitatsionnyy transport:
nauchnyye problem i tekhnicheskiye resheniya. Moscow: Fizmatlit; 2015. 612 p. (In
Russ)]. octymso mo: https://b-ok.org/book/2910926/a2ce27. Ccbinka akTHBHA Ha:
02.02.20109.

4, 3aiiueB A.A., Mopozosa E.M.,, Tamamkuun TI'.H.,, CoxomoBa .B.
Mal‘HI/ITOJ'ICBI/ITaI_[I/IOHHHﬁ TPAHCIIOPT B CI[HHOﬁ TpaHCHOpTHOﬁ CUCTCMC CTpaHbL /
mox pen. A.A. 3adineBa. — CII6: HIT-TIPUHT, 2015. — 140 c. [Zaitsev AA,
Morozova EI, Talashin GN, Sokolova laV. Magnitolevitatsionnyy transport v
edinoi transportnoi sisteme strany. Zaitsev AA, editor. St. Petersburg: NP-PRINT;
2015. 140 p. (In Russ)]. Hocrynuo mo: https://search.rsl.ru/ru/record/01008161609.

Received: 15.06.2019 Revised: 07.07.2019 Accepted: 15.07.2019
Moctynuaa: 15.06.2019 Opno6pena: 07.07.2019 Ipunsita: 15.07.2019


https://b-ok.org/book/2901328/800f1a/?_ir=1
https://b-ok.org/book/2901328/800f1a/?_ir=1
https://search.rsl.ru/ru/record/01004907216
https://b-ok.org/book/2910926/a2ce27
https://search.rsl.ru/ru/record/01008161609

67 TPAHCHOPTHBIE CUCTEMbI U TEXHOJIOI'MH OPUI'MHAJIBHBIE CTATbH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

Ccouika aktuBHa Ha: 03.02.2019.

5. 3aiineB A.A. O COBpEeMEHHOM CTaAUM Pa3BUTUS MarHUTOJIEBUTALIMOHHOIO
TpPaHCIIOPTa W MOAXOJAaX K BBIOOpPY chenuanu3aiud U (U3HYECKONH OCHOBBI
BBICOKOCKOPOCTHOTO JBWKEHMsT Ha HampabieHud MockBa—Cankt-IlerepOypr //
bromnerenp oO0bemuHeHHOTO ydeHoro coBeta OAO «PXI». — 2016. — Ne 4,
— C. 26-33. [Zaitsev AA. O sovremennoy stadii razvitiya magnitolevitatsionnogo
transporta i podkhodakh Kk vyboru spetsializatsii i fizicheskoy osnovy
vysokoskorostnogo dvizheniya na napravlenii Moskva—Sankt-Peterburg. Byulleten'
ob"yedinennogo uchenogo soveta of Russian Railways. 2016;4:26-33. (In Russ)].
Hoctynao mo: https://elibrary.ru/item.asp?id=27472893. Cchlnka akTHBHA Ha:
02.02.2019.

6. 3aiimeB A.A. MarHuTONEBUTAIMOHHBIE  CHUCTEMBI W TexHojorumu  //
Kenesnomopoxusiii Tpancmopr. — 2014. — Ne 5. — C. 69-73. [Zaitsev AA.
Magnitolevitatsionnye sistemy i technologii. Zheleznodorozhnyy transport.
2014;5:69-73. (In Russ)]. Jocrymuo mo: https://elibrary.ru/item.asp?id=21883966.
Ccpuika aktuBHa Ha: 03.02.2019.

7. AnTOHOB 0.9, 3aiireB AA., Mopo3oBa E.N. HccnegoBanme
MaFHHTOHHHaMPI‘IeCKOP’I JEBUTALIUM HW  DJICKTPOJUHAMHUYCCKOIO0 TOPMOXKCHUA
rpy3oBoii TpancmoptHoi Ttwiardgopmel // Wssectus III'YIIC. — 2014. — Ne 4.
— C. 5-15. [Antonov YuF, Zaitsev AA, Morozova El. Study of magnetic dynamic
levitation and electrodynamic braking of a cargo transport platform. Proceedings of
Petersburg Transport University. 2014;(4):5-15. (In Russ)]. JoctymHO 110:
https://cyberleninka.ru/article/n/issledovanie-magnitodinamicheskoy-levitatsii-i-
elektrodinamicheskogo-tormozheniya-gruzovoy-transportnoy-platformy.  Ccreuika
aktuBHa Ha: 05.02.2019.

8. Konyaev AYu, Bagin DN. Modeling an Electrodynamic Separator Based on a
Linear Inductor. Russian Electrical Engineering. 2018;89(3):168-173. doi:
10.3103/S1068371218030100

9. Sarapulov FN, Frizen VE, Shvydkiy YL, et al. Mathematical modeling of a linear-
induction motor based on detailed equivalent circuits. Russian Electrical
Engineering. 2018;89(4):270-274. doi: 10.3103/s1068371218040119

10. Bakhvalov YuA, Gorbatenko NI, Grechikhin VV, et al. Design of optimal
electromagnets of magnetic-levitation and lateral-stabilization systems for ground
transportation based on solving inverse problems. Russian Electrical
Engineering. 2017;88(1):15-18. doi: 10.3103/S1068371217010047

11. TTamkoB H.H. VYpaBHeHuwe IBM)KEHHUS MarHUTHOJEBUTAIMOHHOTO TOABHUKHOIO
cocraBa // Tpancnoprabie cucreMbl u TexHojormm. — 2015, — T. 1. — Ne 1.
— C. 59-69. [Pashkov NN. The equation of motion of the magnetic rolling stock.
Transportation Systems and Technology. 2015;1(1):59-69. (In Russ., In Engl.)]. doi:
10.17816/transsyst20151159-69

12. ®unmummo  JIM.  OcoOeHHOCTM  MOJAEIMPOBAHUS  MArHUTHOIO IMOJsA B
QJICKTPOMCXAHUYCCKUX Y3JIaX MaFHHTHOHeBHTaHHOHHOﬁ TpaHCHOpTHOﬁ CHUCTEMBI
MCTOJAOM BTOPHUYHBIX HCTOYHUKOB // TpchnopTHHe CUCTEMbI U TEXHOJIOTHUH.
—2015. —T. 1. — Ne 2. — C. 49-61. [Filippov DM. Features of the simulation of the
magnetic field in the electromechanical units of a magnetic-levitation transport
system by the method of secondary sources. Transportation Systems and
Technology. 2015;1(2):49-61. (In Russ., In Engl)]. doi:
10.17816/transsyst20151249-61

13. Jlanupyc Bb.M., Jlanugyc JI.B. JXene3nomopoxHblii TpaHcmoptT: ¢Quiocodus
Oynymero. M: TIIpomereit, 2015. — 232 c. [Lapidus BM, Lapidus LV.
Zeleznodoroznyi transport: filosofia buduchego. Moscow: Prometey; 2015. 232 p.

Received: 15.06.2019 Revised: 07.07.2019 Accepted: 15.07.2019
Moctynuaa: 15.06.2019 Opno6pena: 07.07.2019 Ipunsita: 15.07.2019


https://elibrary.ru/contents.asp?id=34337977
https://elibrary.ru/item.asp?id=27472893
https://elibrary.ru/item.asp?id=21883966
https://cyberleninka.ru/article/n/issledovanie-magnitodinamicheskoy-levitatsii-i-elektrodinamicheskogo-tormozheniya-gruzovoy-transportnoy-platformy
https://cyberleninka.ru/article/n/issledovanie-magnitodinamicheskoy-levitatsii-i-elektrodinamicheskogo-tormozheniya-gruzovoy-transportnoy-platformy
https://link.springer.com/journal/11979
https://doi.org/10.3103/S1068371218030100
https://link.springer.com/journal/11979
https://link.springer.com/journal/11979
https://doi.org/10.3103/s1068371218040119
https://link.springer.com/journal/11979
https://link.springer.com/journal/11979
https://doi.org/10.3103/S1068371217010047

68 TPAHCHOPTHBIE CUCTEMbI U TEXHOJIOI'MH OPUI'MHAJIBHBIE CTATbH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

(In Russ)]. Hocrynxo mo: https://elibrary.ru/item.asp?id=23731956. Cchuika
aktuBHa Ha: 02.02.2019.

14. Kamaunap T.K. JIuHelHbIE MHIYKUMOHHBIE MAIIMHBI C IIOIEPEYHBIM MAarHUTHBIM
notokom. Pura: 3unarue, 1980. — 170 c¢. [Kalnin' TK. Lineynyye induktsionnyye
mashiny s poperechnym magnitnym potokom. Riga: Zinatne; 1980. 232 p. (In
Russ)]. HocrymHo mo: https://ru.b-ok.cc/book/2760544/6d2e3d. Ccbuika akTHBHA
Ha: 03.02.2019.

15. Conmomun  A.B.  JluHeiiHble = aCHHXPOHHBIE  TSTOBBIC  JABUTATENM  JUIS
BBICOKOCKOPOCTHBIX IMOE3A0B M MX MATCMAaTHYCCKOC MOACIUPOBAHMC. PocroB-na-
Hony: PI'YIIC, 2008. — 204 c. [Solomin AV. Lineynyye asinkhronnyye tyagovyye
dvigateli dlya vysokoskorostnykh poyezdov i ikh matematicheskoye modelirovaniye.
Rostov-on-Don:  RSTU; 2008. 204p. (In Russ)]. J[Jocrymuo 1oO:
https://search.rsl.ru/ru/record/01004131632. Cceinka aktuBHa Ha: 04.02.20109.

16. Lim J, Jeong J-H, Kim C-H, et al. Analysis and experimental evaluation of normal
force of linear induction motor for Maglev vehicle. IEEE Transactions on
Magnetics. Institute of Electrical and Electronics Engineers (IEEE); 2017;53(11)1-
4. doi: 10.1109/tmag.2017.2699694

17. Ji W-Y, Jeong G, Park C-B, et al. A study of non-symmetric double-sided linear
induction motor for Hyperloop All-In-One System (propulsion, levitation, and
guidance). IEEE  Transactions on Magnetics. 2018;54(11):1-4 doi:
10.1109/tmag.2018.2848292

18. Lv G, Liu Z, Sun S. Analysis of torques in single-side linear induction motor with
transverse asymmetry for linear metro. IEEE Transactions on Energy Conversion.
Institute of Electrical and Electronics Engineers (IEEE); 2016;31(1):165-173. doi:
10.1109/tec.2015.2470561

19. Yonezu T, Watanabe K, Suzuki E, Sasakawa T. Study on Electromagnetic Force
Characteristics Acting on Levitation/Guidance Coils of a Superconducting Maglev
Vehicle System. IEEE Transactions on Magnetics. Institute of Electrical and
Electronics Engineers (IEEE); 2017;53(11):1-5. doi: 10.1109/tmag.2017.2697002

Cgenenus 00 aBTopax:

Coaomuu Biaagumup AJiekcaHAPOBHUY, TOKTOP TEXHUYECKUX HAYK, Mpodeccop;
anpec: 344038, PoctoB-Ha-/ony, mi. PocroBckoro CrpenkoBoro Ilosnka Hapoanoro
Omnojuenus, 1. 2;

eLibrary SPIN:6785-9031; ORCID: 0000-0002-0638-1436;

E-mail: ema@rgups.ru

Conromuu Anpeit BiaaguMupoBu4, KaHIUAAT TEXHUYECKUX HAYK, IOLEHT;
eLibrary SPIN:7805-9636; ORCID: 0000-0002-2549-4663,;

E-mail: vag@Kkaf.rgups.ru

YexoBa AHacTacusi AJJaHOBHA, aCIIUPAHT;

eLibrary SPIN: 8201-7660; ORCID: 0000-0002-3410-3687;

E-mail: ema@rgups.ru

3aMIInHA .JIapnca .JIQOHI/IIIOBHa, KaHIUJAT TCXHUYCCKUX HAYK, JOLICHT,
eLibrary SPIN: 8703-1347; ORCID: 0000-0001-5374-9443;

E-mail: ema@rgups.ru

Tpyoununa Hagexna AHaTOIbeBHA, KAaHAWIAT TEXHUYECKUX HAYK, IOLEHT;
eLibrary SPIN: 4192-0487; ORCID: 0000-0001-6640-8306;

E-mail: ema@rgups.ru

Information about the authors:

Vladimir A. Solomin, Doctor of Technological sciences, Professor;

Received: 15.06.2019 Revised: 07.07.2019 Accepted: 15.07.2019
Moctynuaa: 15.06.2019 Opno6pena: 07.07.2019 Ipunsita: 15.07.2019


https://elibrary.ru/item.asp?id=23731956
https://ru.b-ok.cc/book/2760544/6d2e3d
https://search.rsl.ru/ru/record/01004131632
https://doi.org/10.1109/tec.2015.2470561
https://doi.org/10.1109/tmag.2017.2697002
https://orcid.org/0000-0002-0638-1436
mailto:ema@rgups.ru
https://orcid.org/0000-0002-2549-4663
mailto:vag@kaf.rgups.ru
https://orcid.org/0000-0002-3410-3687
mailto:ema@rgups.ru
https://orcid.org/0000-0001-5374-9443
mailto:ema@rgups.ru
https://orcid.org/0000-0001-6640-8306
mailto:ema@rgups.ru

69 TPAHCHOPTHBIE CUCTEMbI U TEXHOJIOI'MH OPUI'MHAJIBHBIE CTATbH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

address: 2, Rostovskogo Strelkovogo Polka Narodnogo Opolcheniya sg., Rostov-on-Don,
344038, Russia;

eLibrary SPIN: 6785-9031; ORCID: 0000-0002-0638-1436;

E-mail: ema@rgups.ru

Andrei V. Solomin, Candidate of Technological sciences, Associate Professor;
eLibrary SPIN: 7805-9636; ORCID: 0000-0002-2549-4663;

E-mail: vag@Kkaf.rgups.ru

Anastasia A. Chekhova, Graduate;

eLibrary SPIN: 8201-7660; ORCID: 0000-0002-3410-3687;

E-mail: ema@rgups.ru

Larisa L. Zamchina, Candidate of Technological sciences, Associate Professor;
eLibrary SPIN: 8703-1347; ORCID: 0000-0001-5374-9443,;

E-mail: ema@rgups.ru

Nadezda A. Trubitsina, Candidate of Technological sciences, Associate Professor;
eLibrary SPIN: 4192-0487; ORCID: 0000-0001-6640-8306;

E-mail: ema@rgups.ru

MurupoBarh:
Conomun B.A., Conomun A.B., UexoBa A.A. u ap. JIuneliHble acCHHXpPOHHBIE ABUTATEIN O€3

MIPOJIOJILHOTO KpaeBoro 3¢dekra // TpaHcmopTHBIE cucTeMbl H TexHojoruu. — 2019. — T. 5.
—Ne 2. — C. 60-69. doi: 10.17816/transsyst20195260-69

To cite this article:

Solomin VA, Solomin AV, Chekhova AA, et al. Linear induction motors without longitudinal
edge effect. Transportation Systems and Technology. 2019;5(2):60-69. doi:
10.17816/transsyst20195260-69

Received: 15.06.2019 Revised: 07.07.2019 Accepted: 15.07.2019
Moctynuaa: 15.06.2019 Opno6pena: 07.07.2019 Ipunsita: 15.07.2019


https://orcid.org/0000-0002-0638-1436
mailto:ema@rgups.ru
https://orcid.org/0000-0002-2549-4663
mailto:vag@kaf.rgups.ru
https://orcid.org/0000-0002-3410-3687
mailto:ema@rgups.ru
https://orcid.org/0000-0001-5374-9443
mailto:ema@rgups.ru
https://orcid.org/0000-0001-6640-8306
mailto:ema@rgups.ru

70 TPAHCHOPTHBIE CUCTEMbI 1 TEXHOJIOI'MH OPUI'MHAJIBHBIE CTATBH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

Pyopuka 2. HAYUHBIE U IPAKTUYECKHUE PASPABOTKH
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! Cankr-IletepOyprckuii rocyAapCTBEHHbIA YHUBEPCUTET

2 [TerepOyprckuii Tocy1apCTBEHHBI YHUBEPCUTET MyTei COOOIIEHUS
Nmnepatopa Anekcanapa |

(Cankr-IlerepoOypr, Poccus)

JEBUTAIIMOHHBIE XAPAKTEPUCTUKHU TPAHCIIOPTHOM
YCTAHOBKH C QJIEKTPOANHAMMNYECKHUM ITOJIBECOM IIPH
HAJIMYUUA ITPOJOJBHOT'O CTBIKA B IYTEBOM IIOJIOTHE

Henab: mpeaioKUTh TEXHUYECKOE PEIICHHE, TO3BOJIIONIETO O0SCIeUYUTh OOKOBYIO
CTAaOMJIM3AIUIO IKUTIAXKa C AJIEKTPOJAMHAMUYCCKUM ToJBecoM. Pa3paboTka mMeTona pacuéra
JICBUTAIITMOHHBIX XapaKTECPHUCTHUK T’paHCHOpTHOﬁ YCTaHOBKK C OJICKTPOJUHAMUYCCKUM
MOJABECOM MpPH HAJUYUU MPOJOJIBHOTO CThIKA B IIyT€BOM IIOJIOTHE. AHAJIU3 pe3ylbTaTOB
TEOPETUYECKUX UCCIIEJOBAHUI.

MeTtoabl: B CTaTbe HCIOJIB30BAIUCH METOIbl TEOPUHU HIIEKTPOMATHUTHOIO TMOJIA,
0006meHHbIe (yHKIMU, TpeoOpa3zoBanne Dypre, aHATUTHUYCCKHE W YHCICHHBIE METO/IbI
onpeneneHus kBaaparyp. [Iporpamma mst [IDBM paspabateiBanack Ha sizbike DopTpaH.

Pe3yabTaThl: st oOecrieueHuss ~ OOKOBOW  CTaOWIM3alMM  DKANAXa C
ANEKTPOJMHAMUYECKUM TIOJIBECOM TMPEAJIOKEHO BBECTH B CTPYKTYpPY IYTEBOTO IOJIOTHA
MIPOJIOJIBbHBIN U30JAUOHHBIN CThIK. Co3/laHa MaTeMaTHYecKasi MOJeb UCCIIEYyeMON CHCTEMbI
ANIEKTPOJMHAMUYECKOTO TOJBeca B MNPUONMKEHHS OECKOHEYHO IIUPOKOrO  IMOJIOTHA
MPSIMOYTOJILHOTO CEYCHMUS.

Jljig ipeensHOTO Citydas, KOorja IMHUPUHA CThIKa CTPEMUTCS K HYJIEBOMY 3HAUEHHUIO, a
SKUIAXKHBIE 3JEKTPOMArHUTHl HMMEIOT MPSIMOYroJibHYyI0 (OpMYy Ha OCHOBE NPUMEHEHHS
npeoOpazoBanusi Dypbe MOTYyUEeHO pelIeHHe YpPaBHEHUN, OIMUCBHIBAIOMIUX MPHUHSITYIO
MaTeMaTHYeCKyl0  MOJIeNb.  BBIp@KEHHWE  BEKTOpa  MArHUTHOM  WHAYKUUH U
ANIEKTPOAUHAMUYECKOM CUJIBI B KBajpaTypax. YHCICHHOEe UHTETPUPOBAHUE STUX YpaBHEHUU
BBITIOJIHSAJIOCH IOCPEACTBOM IpuMeHeHus: opmynsl ['aycca u metona dusona.

Pe3ynbrarhel pacueToB TMO3BOJMIM MOJYYUTh pAl TpadUuecKux 3aBUCHUMOCTEH
JIEBUTAI[MOHHBIX  XapaKTEPUCTHK OT BEJIMYMHBI OOKOBOTO CMELIECHUS OSKUIIAXKHOTO
AIIEKTPOMArHUTa OTHOCUTENFHO CUMMETPUYHOTO TOJI0KESHHS.

3ak/04eHue: TOJyYeHHBIE Pe3yNbTaThl MPOBEIECHHOTO HCCIENOBAHUS TOJTHOCTHIO
OTBEUAIOT TIOCTABIIEHHOW WENH MO OIpEAeICHUI0 MapaMeTpoB OOKOBOW CTabUIM3aluU
JKUMAXKa C DIEKTPOAMHAMHYECKAM TOABECOM C IIYTEBHIM TOJOTHOM, COJAEpKAIIUM
MPOJIONILHBIN CTBHIK B paMKax MPHHATHIX AonyieHui. CpaBHEHHE MPEATIOKEHHOT0 crocoba ¢
IPYTMMH TIpeAJaraBIIMMHCA paHee crocobaMu CcTaOWIM3alud HE TIO3BOJIET BBISBUTH
PEIIANINX MPEUMYIIECTB WM HEJAOCTATKOB HOBOTO crocoOa. B GONbIIMHCTBE clydaeB ero
HEJOCTAaTKOM SIBIISIETCSI OMHOCUMENbHO HU3KOE IEBUTAIMOHHOE KadecTBO. OJHAKO OHO
CYIIIECTBEHHO BO3pACTaeT, eciu ABuxkeHne skumnaxa BCHT mpoucxoaut npenMyIecTBeHHO ¢
BBICOKOW CKOPOCTBIO, TIPH KOTOPOU cHila adpOJIUHAMHYECKOTO COMPOTUBIICHUS TPEBATUPYET
HaJ| CUJION AIEKTPOAMHAMUYECKOTO TOPMOKECHHSL.
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Cronb )€ OTHOCHUTEIbHBIM SIBJIIETCS M JTOCTOMHCTBO paccMaTpuBAaeMOM CHUCTEMBI —
gvicokas 6okosasa dcécmkocme. llpuunHa 3TOTO B TOM, 4TO TpeOoBaHHMA Ha OOKOBYIO
KECTKOCTh MOTYT OBITh KOJHYECTBEHHO C(HOPMYIUPOBAHBI JIMIIb HPUMEHHUTEIBHO K
koukpemnou mpacce BCHT c¢ yuérom rpaduka nsuwxkeHus u apyrux (akropon. Kak
U3BECTHO, TJaBHBIMU JECTaOWIM3HPYIOLIUMU BO3JACHCTBUSMU B OOKOBOM HallpaBJCHUU
SBJIAIOTCSI CHUJIa MHEPLUH INpPU JBMKEHUU IO KPUBOJMHEHHOMY Y4acTKy M OOKOBOiIl BeTep.
CBo10 poJib B BBIOOpE CUCTEMBI CTAOMIN3ALMU MOT'YT ChIrpaTh U 33Ja4u, peliaeMble JpyruMu
noacucremamu cuctemsl BCHT. Urpaer omnpeneneHHyo poJib TakKe NPUHUIUI JEHCTBUS U
KOHCTPYKLUSI CUCTEMBI TAru. M3 CKa3aHHOTO SICHO, YTO OKOHYATEJIbHBIM BBIOOP CHCTEMBI
OOKOBOM CTaOMIM3alMM HAa HACTOSILIEM ATale MCCIEeNOBAaHUN ObUl Obl MPEXKIECBPEMEHHBIM.
[IpennoxeHHbld W M3y4EHHBIH B 3TOH CTaTbe HOBBIA CHOCOO CTAOMIIM3aLUU CIIEAYyeT
paccMaTpuBaTh Kak €€ OJMH U3 BOZMOXKHBIX Hapsily ¢ npejularaBmimucs paHee. OTBeT Ha
BOIPOC O KOHKYPEHTOCIIOCOOHOCTM HOBOTO Crocoba JOKEH OBITh CBS3aH €
xapakrepucTukamMu KoHKpeTHOM Tpaccel BCHT. HeoOxomumo u janbHeliee yTOYHEHHE
pe3ynbTaToOB, MPHU 00JIee CTPOroM yUE€Te KpaeBoro 3ddexTa, a TakkKe pacCMOTPEHUEM CITydast
HEU30JIMPOBAHHOTO CTHIKA.

Kniwowuegvle cnoea: TpaHCTIOPTHAs YCTAaHOBKA, OHJIEKTPOJMHAMHYECKHN MOBEC,
MPOJONBHBIA  CTBIK, OOKOBasi CTaOMIIM3aIUsl, DJCKTPOMArHWTHBIC XapaKTEPHCTHKH,
00001eHHbIe (QYHKIHNH, TpeoOpa3oBanre Oypre.

Rubric 2: SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field “Electrical Engineering”

© Konstantin E. Voevodskii*, Vladimir M. Strepetov?, Gennadii E. Sereda®
! St. Petersburg State University

2Emperor Alexander | St. Petersburg State Transport University

(St. Petersburg, Russia)

LEVITATION CHARACTERISTICS OF ELECTRODYNAMIC
SUSPENSION TRANSPORT RUNNING ON GUIDEWAY WITH
LONGITUDINAL JOINT

Aim: to propose a technical solution to ensure the lateral stabilisation of the vehicle
with an electrodynamic suspension. Development of a method for calculating the levitation
characteristics of a transport unit with an electrodynamic suspension running on a guideway
with a longitudinal joint. Analysis of the results of theoretical studies.

Methods: in the article, the methods of the electromagnetic field theory, generalised
functions, Fourier transform, analytical and numerical methods for determining quadratures
are used. The software was developed in the Fortran language.

Result: to ensure lateral stabilisation of the vehicle with an electrodynamic
suspension, it was proposed to introduce a longitudinal insulating joint into the structure of
the guideway. A mathematical model is proposed for this system of electrodynamic
suspension in approximation of an infinitely wide track structure of rectangular cross section.

For the ultimate case when the width of the joint tends to zero, and the vehicle
electromagnets have a rectangular form based on the application of the Fourier transform, the
solution of the equations was obtained describing the adopted mathematical model: the
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expression of the vector of magnetic induction and electrodynamic force in the quadrature.
Numerical integration of these equations was performed by applying the Gauss formula and
the Philo method.

The results of the calculations allowed us to obtain a number of graphical
dependencies of the levitation characteristics on the value of the lateral displacement of the
vehicle electromagnet relatively to symmetrical position.

Conclusion: thus, the obtained results of the study fully meet the goal of determining
the parameters of the laterally stabilising the electrodynamic vehicle with the guideway
equipped with a longitudinal joint under the assumptions made. Comparison of the proposed
method with other proposed stabilisation methods does not reveal the decisive advantages or
disadvantages of the new method. In most cases, its most serious weakness is its relatively
low levitation quality. However, it is significantly reduced if the movement of the high-speed
ground transport occurs predominantly at high speed, at which the force of aerodynamic drag
prevails over the force of electrodynamic braking.

Of the same relativity is the advantage of the system proposed, that is great lateral
rigidness. The reason for this is that the requirements to the lateral rigidness can be
formulated quantitatively only in relation to the particular high-speed ground transport line,
taking into account the traffic schedule and other factors. As it is known, the main
destabilising influences in lateral direction are the inertia at curves and lateral wind. The tasks
solved by other subsystems of the high-speed transport line, can play their certain role in
choosing of the stabilisation system as well. It is clear from the above that the final decision
on the stabilisation system at this stage of research would be premature. The new stabilisation
method suggested and studied in this paper should be considered only as another possible
together with the earlier proposed one. The answer to the question about the competitiveness
of the new method should be related to the characteristics of the particular high-speed ground
transport line. Further specification of the results is required considering the edge effect, as
well the uninsulated joint case.

Keywords: transport unit, electrodynamic suspension, longitudinal joint, lateral
stabilisation, electromagnetic characteristics, generalised functions, Fourier transform.

BBEJJEHUE

Jlist GONBIIMHCTBA TPOMBIIIUICHHO PAa3BUTHIX CTPaH MHpa XapaKTEpeH
HEYKJIOHHBIH POCT MACCAXUPCKUX MEPEBO30K, KOTOPHIH MOXKET OBITH 0OecredeH
3a CYET TOBBIIMICHUSI MPOBO3HON M MPOMYCKHOM CIOCOOHOCTH TPAaHCHOPTHBIX
cucrem. Ilpu 3TOM OINHOBPEMEHHO NPEAINOJAraeTcsi M IOBBIINIEHUE KadecTBa
TPAHCMIOPTHOTO OOCIYKUBAHUS: YMEHBIIICHUE 3aTPAT BPEMEHU Ha MOE3JKY «OT
JIBEPHU 10 JIBEPHU», YMEHBIIEHNE HAMOJHIEMOCTH IMOJBUKHOIO COCTABA B YACHI
«IUK», COKPAICHUE MEKIIOE€3HbIX HUHTEPBAJIOB.

OnHuM W3 ajdbTEpPHATUBHBIX OTBETOB Ha JaHHYIO 3aJady SIBISETCS
CO3/JaHHE CHUCTEM BBICOKOCKOPOCTHOro HazemHoro Ttpancnopta (BCHT) c¢
WCMOJIb30BAHUEM MArHUTHOTO MOJBEIIMBAHUS TPAHCHOPTHOM YCTAHOBKH.
Coznanue BCHT Ha MarHUTHOM TMOABECE CIOCOOCTBYET SKOHOMHYECKOMY
pOCTY 3a CYET BHEAPEHUS HOBEUIIMX JOCTHKEHUW HAYYHO-TEXHUYECKOTO
Mporpecca M COACUCTBYET YKPEIUICHUIO MnpecTuka Poccum kak ogHOM U3
BEJYIINX CTPAH C BEICOKOPA3BUTHIMU TPAHCIIOPTHBIMU cUcTeMamHu [1-5] .
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Hcnonb3yroTcss MpeuMynIeCTBEHHO JBa THUIIA MAarHUTHBIX ITOJBECOB —
anexktpomarHuTHbIN (OMII) u snexkTpoaunamudeckuii (DJ11).

Hericteue 3JIII oCHOBaHO Ha HCIOJbB30BAHHUE CHJI OTTaJKHWBaHUS,
BO3HUKAIOIIUX MEXJIy MAarHUTHBIM I0JeM, pa3MEeNIEHHbIX Ha TMOJABUXKHOM
COCTaBE  CBEPXMOPOBOASAIIMX  AICKTPOMATHUTOB  MOCTOSIHHOIO TOKAa U
WHIYKTUPOBAaHHBIMM HMMH TOKaMH B IIyT€BOM HEMAarHUTHOM TIOJIOTHE
CIUIOIIHOTO WM auckpetHoro tunos. D/II mo cpaBHenutro ¢ OMII no3Bomser
MOJIYYUTh Ha MOPSAIOK OoJbllyto BbicOTy mojasemmuBanus (100-200 mm). DI
MPUCYLIE €CTECTBEHHASA BEPTUKAJIbHASl YCTOMUHUBOCTb.

CymectByeT  MHOro  Croco0OoB, obecrnieunBalOIUX  OOKOBYIO
cTabMIM3alMI0 dKUNaxa TpaHcnopTHbeIX cucteM ¢ D/II. Oxnako Kaxxaomy u3
HUX IIPUCYILE ONPEIEIICHHbIE HENOCTAaTKU. B CBA3M, € 4eM akTyasibHa 3a/1a4a 1o
MOUCKY aJbTEPHATUBHBIX METOJ0B OOKOBOW CTAaOMIM3alMKM SKHUIaXa JaHHOU
TPAHCIIOPTHOU CUCTEMBI.

Lenbio mpeasiaraeMoil paOOTHl SBISETCA TMOITYyYEHUE TEOPETUUYECKUX U
TEXHUUYECKUX PEIICHUH, 00eCIeUnBAIOIINX ITY 3aj1auy.

OCHOBHBIE TIOHATHS U OBIIASI IOCTAHOBKA 3AIAUA

KonctpyktrBHas cxema TpaHcnopTHou cucteMbl D111, myTeBoe MoJ0THO
KOTOPOW COAEP>KUT MPOOJIBHBIN CTHIK, TpeAcTaBieHo Ha Puc. 1.

Puc.1. KoHcTpyKkTHBHAsA cxeMa TpaHCIIOPTHOM cucteMsbl ¢ D /111
IIPY HAJIMYKHU NIPOJOJIBHOTO CTHIKA B MIOJIOTHE

Ha Puc. 1 mudpamu o603naueHsl: 1 — myTeBOe MOJIOTHO, 2 — IPOIOJIBHBIN
CTBIK B TIOJIOTHE, 3 — 3JIEKTPOMATHUT TO/IBECA.

PacuetHas cxema mjisi ompeiesieHUs JIEBUTAIIMOHHBIX XapaKTEPUCTUK
TPaHCHOPTHOM ycTaHOBKM ¢ D/II1 nmpu Hamuuuu MpoAOJIBHOTO CThIKA B TyTEBOM
MOJIOTHE TIpeicTaBieHa Ha Puc. 2.
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Bynem ucxoauTe U3 NpeAnoa0KeHHs, YTO HAIMYUE IPOAOJIBHOTO CThIKA B
MyTEBOM TOJIOTHE 00ECTICUUT JIaHHOU TpaHcnopTHOU cucteme ¢ DJII1 GokoByto
YCTOWYHUBOCT.

s 00OCHOBaHUSI  JAHHOTO IPEANOI0KEHUS OTpaHUYUMCS
paccMOTpeHreM MPUOTUKEHN 0ECKOHEYHO MHUPOKOTO MOJOTHA.

Bynem cuuTaTh, 4YTO TOJIOTHO MpEACTABISET COOOM CJIOW MEXIY
wiockocTsiMu Z = 0 1 Z =T (T — ToJIIMHA MOJIOTHA), BO3YIIHBINA 33a30p B IMOJIOTHE
3aHMMaeT oOyacTh -2 <y <a (TakuM 0O0pa3oM, IUpUHA 3a30pa paBHA 2a),
OKMITAXKHBIN AJIEKTPOMArHUT JIBHXKETCS BIIOJIb OCH X B INIOCKOCTH Z = h>T,

B [6] npennoxken memoo ycnoenoil epanuysi, KOTOPHI MO3BOJISIET CBECTH
3aJja4y pacyeTa IEKTPOMAarHUTHOT'O MO B ONMCAHHOM CUCTEME K pacyeTy MOJEH,
BO30YXJaeMbIX B MJIO0CKOM citoe 0 <z < T, crutoib 3aroJIHEHHOM HEOJITHOPOTHOM
npoBofALen cpenor. [l naHHOro ciydas yaeiabHas IPOBOJAMMOCTB Cpebl B
9TOM CJIO€ 3aBUCHT TOJIBKO OT KOOPJMHATHI Y, U 3Ta 3aBUCUMOCTb uMeeT BHT (1)

1npu \y > a\

a(y) =c, 4(y), kK = (1)

Onpu‘y<a‘.

3nech ©p — yJenbHas IPOBOJUMOCTh MaTepuaa MojoTHa.

PacueTHasi cxema 1 ompeiesieHHUs JIEBUTAIMOHHBIX XapaKTEPUCTHK
TpaHCcOpTHOM ycTtaHoBkU ¢ DJII1 mpu HaMUYUuU MPOIOIBHOTO CTHIKA B ITYTEBOM
MIOJIOTHE TpeJicTaBieHa Ha Puc.2.

A N _
k (»)=0
h
V LkG)=1 _:_ ko)=1 | _
_a a }.’
bt+A b+A

Puc. 2. Pacuetnas cxema TpancnopTHoil cuctemsl D111
C IIPOJIOJIBHBIM CTBIKOM B ITyT€BOM IIOJIOTHE

3agaya pacyeTa MoOJIE B HEOJHOPOJIHOM IPOBOJAIIEM CJIO€, y/elbHas
MPOBOJMMOCTh KOTOPOTO MOXET 3aBHCETh OT BCEeX TpeX KOOpIWHAT,
paccMoOTpeHa B [7], Te MOJIy4eHO OCHOBHOE MHTEIPAJIbHOE YpaBHECHHE TEOPUHU

Received: 02.06.2019 Revised: 18.06.2019 Accepted: 15.07.2019
Moctynuaa: 02.06.2019 Ono6pena: 18.06.2019 Ipunsita: 15.07.2019



75 TPAHCHOPTHBIE CUCTEMbI 1 TEXHOJIOI'MH OPUI'MHAJIBHBIE CTATBH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

OJIJI, B KOTOPOM poJib HEW3BECTHOW (YHKIHMH HUrpaeT (Qpypre-oOpa3 BeEKTOpa
HaANPSKEHHOCTH AJIeKTpuyeckoro noist E B cnoe 0 <z <T.

B [8] mompoOHO M3ydyeH TOT 4YacTHBIN Cilydail (MOMEepPEeUHbIN CTHIK), KOraa
yaenbHas TPOBOAMMOCTh 3aBHUCHT TOJBKO OT KOOPAMHATHI X, TpPHUEM ITa
3aBucHMOCTh uMmeeT Bun (1) ¢ 3ameHoit Y Ha X. [lokazaHo, 4TO MpH peabHBIX
3HAQUEHWI MapaMeTpOB CHUCTEMbI K JAaHHOW 3ajade MPUMEHUMO TMPHOIMKCHUE
TOHKOT'O TIOJIOTHA (TJIyOMHA CKHUH-CJOs OOJbIlle TONIIMHBI TMOJIOTHA), U B 3TOM
NpUOIIDKEHUH TIOTYYeHO OJHOMEPHOE WHTETPATbHOE YypaBHEHHE il (yphe-
o0pa3za X-KOMITOHEHTHI BekTopa E.

[ToBTOpSiISi aHAJIOTWYHBIE PACCYKACHUS M BBIKIAJKA TPUMEHHUTEIBHO K
CIly4ar0 TPOJIOJIBHOTO CTHIKA, MOXXHO TMOJNYYHTh CJEAYIOIIee HHTETPaIbHOE
ypaBHeHHe i1 pypre-o0pa3za Y-KOMIOHEHTHI BekTopa E.

)—H(y)K, (&Y ~a))) -
—H(-y)K, (&(y' +a))|dy’ . )

u(y) =@(y) + ;—? Juy)[K, ey -y

3necy U(y) — dypbpe-obpaz Ey mo mepemeHHON X; &1 — mapaMeTpel
npeobpazosanns Pypre mo mepeMeHHRIM X u Yy, k=&e +mne,

k==& +n";
o(y)=f(V)-HWTf@-HEy)f(-a); f () - obpatroe dypse
npeobpazosanne ¢pyukuuu f(n)=(u,/2k)0EV (k)e™; r=2/1; I =p,06,0T;
v — ckopocth skunaxa, V(K) — ¢ypre-o0pa3 mo X W Yy HOTCHIHAIBHOM
byHKIIMM ~ TOKa, XapakTepusyromed GopmMy W H.C.  DKHIIAXHOTO
anexkTpomarauTa [9];
#/(2ch
H(y)= e /(2ch(ca) y>a ; Ko — ™MommbunupoBaHHas (YHKIUS
0 y<-—-a
Xankens nynesoro nopsiaka [10]. [Ipu BeIBoge 3TOro ypaBHEHUS UCIIOJIB30BAHBI
Taxke gaHHbIe [11].

Pacuer JeBUTAIMOHHBIX XAPaAKTCPUCTHUK

OrpanuunMcst  pacCMOTPEHHEM  ciiydas, T@pd KOTOPOM  IIHPUHA
BO3AYIIHOIO 3a30pa 2a Majla IO CPAaBHEHHIO C NPOYHMM XapaKTEPHBIMHU
pa3MepaMu CUCTEMBI. B 3TOM cilydae BIMSIHUE CThIKA CBSI3aHO IJIaBHBIM 00pa3oM
HE C OTCYTCTBHEM IPOBOJIAIICH CpeIIbl B 3a30pe |y| < @, a ¢ HICKaKEHUEM KapTHHBI
BUXPEBBIX TOKOB B IIYTEBOM CTPYKTYypE, KOTOPOE BBI3BAHO OTCYTCTBHEM
ANEKTPUYECKOr0 KOHTaKTa MEXIy oOnacTsamu y> a u y<-a. [lo 3Toil mpuuune
ypaBHEHHE (2) MOKHO 3aMEHHTH €TO MPENeIbHBIM clTydaeM npu a —0, To ecTh —
YPaBHEHUEM:
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u(y) = f(y) - f(0)e™*" + [IK (ECy = y)u(y) - e‘”‘IK (|§YI)U(Y)dY}(3)

VYpaBuenue (3) pemaercs B kBajaparypax. st 3Toro yo0HO mpojenars B
BeipakeHnn (3) npeobpazoBanue Dypbe 1o nepemenHou y. [lepBbiil uHTETpa B
dopmyne (3) mpeactaBiseT coOoOi CBEPTKY IO IHEPEMEHHON Y, a BTOpOH —
CKaJIIpHOE MPOoU3BeacHNE B pocTpaHcTBe Lo(-co<y<oo) pynkumit Ko(|Ey|) u u(y),
MIOATOMY B pe3yibTare npeodpaszoBanus Oypbe OHH NEpEiayT, COOTBETCTBEHHO,
B TPOU3BEACHUEC W CKaJsApHOE mpou3BeneHne B Ly(-oo<n<wo) ¢ypbe-oOpazos
Ha3BaHHbIX (pyHKUMN. Beipazus 3Hauenue f (0) uepe3 pypre-o6pa3 pynkuuu f u
HOJIB3YACHh JaHHbIMU [11], u3 (3) MOXHO MOIYYUTh YPABHEHHE

u & “u
u(m)=fm)- ‘ ‘ jf(n)d L5 u@) | ‘2.[ (m) |
ri k mk®-,
O60co0uB 37eCh U, cTosIlliee BHE MHTErpaia, MpUaAEM K HHTETPATLHOMY

YPAaBHCHHIO C BBIPOXKICHHBIM SAPOM, KOTOPOE PpEIIAeTCs CTaHIAPTHBIM
criocodom [12, 13, 14], u perieHrue KOTOPOTO UMEET BH/T

r Ak o —igdn |
)= e M O s ey | T @

Hanmomuum, 4yto QyHKIHMS U €CTh Y-KOMIOHEHTa HMCKOMOTO BekTopa E.
3Hasgs €€ MOXXHO HaWTH BCE€ KOMIIOHEHTHI BEKTOpOB FEro X-koMmoHeHTa
orpeesercs ciaeayrnuM BeipaxkenneM E u B [8]. 3atem, ucmonb3ys moaxon
[9], amamornyHo TOMy, Kak 3TO caeiaHo B [8], HaliTH cuily, IEHCTBYIOIIYIO Ha
SKUIAKHBIN JIEKTPOMATHUT.

Onyckass NpPOMEXKYTOUHBbIE BBIKJIAJIKH, TPUBEAEM PE3YJIbTHPYIOIIHE
(bOopMyIIBI, OTIPEAEIISIIONINE ITY CUITY

| | 2w K2E2e N (K)
F :F0+ f ; F0:4Mo|(5ez_e><)_([d§z[ _[I\/g ‘ ! (5)

£ oM fge g’ {Td *““V(k) fon kth(kz)} ©)

2 = |7r5|gn(5,~)+lny+l1 k,r —ig
Y

=&e, TNy, €y k1,2 = ‘kl,Z‘ ; 61— =ige, +n,€, — ke,
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KoHkperuszupyem nosiydeHHbIE COOTHOIIEHHUS] MPUMEHHUTENIBHO K CIIy4alo
NPSIMOYTOJIBHOM (DOPMBI SKUTIAKHOTO AJIEKTPOMArHUTa JJIMHBI 2a, IIUPUHBI 2D.
Ero 60koBOe CMelIEHNE OTHOCUTENBHO IIOocKocTH Y = 0 0003HauuM uepe3 A
(cM. puc.2.). Ins onMChIBa€MOro cirydast

21 sina&-sinbn .

V (k) = 2 SIN85SINon i,

T né

[loactaBnsst 910 BbIpakeHue B (6), MOXKHO TOMYYUTh TIOCJE pslia
AJIIEeMEHTAPHBIX MTpeoOpa3oBaHui

f, =C[esin®(ag) Im(al,) d&; f, =C[Esin® (ag) Re(al,I,) d&;
. " (7)
f, =C[sin*(a&)Re(al,l,)d&; of, /oA =C[sin’(ag)Re(a(l,l, - 17))dE.

3nech C=M; a:(lny—ﬂﬂnj ; Ii(i)m&ir}(bn)e’kh (i=1..4) ;
T y—-1 o kr—ig

J,(m) =cos(An)/n; J,(n) =sin(An) ; J,(n) =kJ,(m) J,(n)=ncos(An) .

Benmuuna ofy/OA mMeer cMbIci OOKOBOH KECTKOCTH IMOJBeca, €€ BBIpAKEHHE
nosrydeHo auddepennuposanueM popmyist 1 fy.

[ToacraHoBKa MPEICTaBICHHOTO BBINIE KOHKPETHOTO BBIpaKeHHs s V
(k) B dopmyny (5) mpuBoauT K ¢€ KapAMHAIHLHOMY YIPOIICHHUIO: MEepeias B
uarerpane (5) x momsapusiM koopauHaTam K, ¢ (=K cosp, n=k sing) moxHO
3aMETHTh, YTO MHTErpas Mo K BBIYHMCISICTCS aHAIUTHYCCKH, B PE3YJIbTATEC YETrO
dopmyIia s IEKTPOANHAMHYECKOM CHItbl Fo mproOpeTaeT creayromuii BUsI

u_ol(l )Tln (L+ A% cos® 9)*(1+ B?sin’ g)? y
’ (1+ (Acosp+ Bsing)*)(d+ (Acose — Bsing)?)

90 ®)
sin® (4 +1° cos® @)

3necy A=a/h, B=b/h.
MeToauka YHCJIEHHBIX PacuyeToB

JI1s1 mpoBeieHUs] KOHKPETHBIX Pacdy€TOB MO MPEACTaBICHHBIM (popMynam
OCTJIOCh PAIlMOHAIBHO BBIOpATh METOJ YUCJIEHHOIO MHTErpupoBaHusi. Pacuer
uHTerpasia (8) He BBI3BIBACT TPYAHOCTEH, JJII HErO0 MOYKHO BOCIIOJIB30BATHCS
m000M  HecloxkHOW KBaaparypHoil ¢dopmynoil. dakTthuecku mnpUMEHsIach
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¢opmyna ['aycca ¢ AecsaTbiO WIM JBaAUATHIO YETHIPbMS (B 3aBUCUMOCTH OT
KOHKPETHBIX 3HAYE€HHI MapaMeTpoB) y3JIaMHu.

Pacuer wuHTerpanoB, coxepxkamuxcs B (7), TIpeAcTaBiseT OOJBIIYIO
TPYAHOCTb BCJIEACTBHE OECKOHEYHOCTH MPOMEXKYTKA HWHTEIPUPOBAHUS U
OBICTPON OCIWUISLMU MOABIHTErpaibHON (yHKUMU. [l pacyeTa MHTErpajioB
TAaKOro THIA IeJIeco00pa3Ho ucnoib3oBaTh MeToa duiona [15]. OTMeTnM, 4TO
B MOABIHTETpabHOM BbIpaxkeHuu st 11(§) umeercs yctpaHumas OCOOEHHOCTD:
sin bn, mo3ToMy mpu pacuére 3TOro UHTErpaa no meroay ®uinoHa HEOOXOIUMO
OTJEIUTh HEKOTOPYIO Majyld OKpPECTHOCTb HYJIE W HHTErpal MO 3TOU
OKPECTHOCTHU BBIYMCIISATH OTAEIBHO.

AHaJIU3 pe3yibTAaTOB Pac4yeToB

Pe3ynbTaThl mpoBENCHHBIX pacuyeToB mpeicTaBieHbl Ha Puc. 3, 4. Bce
rpadukd Ha OTUX PHCYHKaX H300pa)karoT 3aBUCUMOCTbH JICBUTAIMOHHBIX
XapaKTepUCTUK  OT  BEJIMYMHBI  OOKOBOTO  CMEIICHHUS  JKHITAKHOTO
AJIEKTPOMArHuTa OTHOCHUTEIIBHO CHMMETPUYHOTO TIOJIOKEeHMs. BenuuuHa
CMEIIIEHUsT OTJOKE€HAa B OTHOCHTEIbHBIX eauHMmax A/2b, rae 2b — mmpuna
aneKkTpoMarHuTta. Pacu€Tel oTBeHaroT cieayroIlieMy HaOOpy MaHHBIX: BBICOTA
noaseca h=22cwm, miauna Mmarauta 2a=1m, mupuna marauta 2b=30 cwm, Tommuna
MOJIOTHA — 5 MM, yJenapHas MPOBOAUMOCTh MaTepuajga MyTeBOTO IOJOTHA G
=3,4-10"(Om-M).

[TockonbKy 1€/ BBEIECHHS IPOJOJILHOIO CThIKA COCTOMT B TPHUIAHUU
O/IIT 60KOBOM YCTOMYUBOCTH, HANOOJIBIINI UHTEPEC MPEACTABIISAECT OOKOBAs, TO
€CTh Y-KOMITOHCHTA JICBUTAIIHOHHOMW CHJIBI. 3aBUCHUMOCTH 3TOW KOMIIOHEHTHI OT
BEJIMYMHBI CMEIIISHUsI TIpeicTaBieHa Ha Puc. 3.

1.6 | &f/ ovl-2blp

5l S~

= // p \
N

A2b
0 0,08 0.16 0,24 A2b
0 0,08 0,16 0,24
Puc. 3. Puc. 4
3aBHCUMOCTh Bo3Bpama10111e171 CHJIBI OT 3aBHUCHMOCTH OOKOBOM KECTKOCTH

OOKOBOTO CMCIICHUA OT CMEIICHUS A

Received: 02.06.2019 Revised: 18.06.2019 Accepted: 15.07.2019
Moctynuaa: 02.06.2019 Ono6pena: 18.06.2019 Ipunsita: 15.07.2019



79 TPAHCHOPTHBIE CUCTEMbI 1 TEXHOJIOI'MH OPUI'MHAJIBHBIE CTATBH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

Kax BugHO U3 3TOrO rpaduka, cucTeMa MoJIBECA ¢ HPOOOIbHLIM CINbIKOM 8
nonomue obaradaem 60xk08ol ycmouuugocmoio (KOMIoHeHTa fy Hocut xapaxrep
BO3BpAIIAIONIEH CHUJIBI).

Peur mpu sTOoM HMIOET O cTaTtMyeckou ycromyuBocTH. Ilpm Manbix
CMEIICHMAX 3aBUCHUMOCTh fy OoT A Onm3ka K JHMHEHHOH, C YyBEIHMYCHUEM
CMEIIeHUs] BO3Bpallarolias CWia YBEJIWYMBAETCS HECKOJIbKO MEJJICHHEE
muHeiiHo ¢yHkumu. Ilo ocu opoumam Ha puc. 3 OTIOKEHO OTHOLICHUE
OOKOBOM CHJIBI K BECY DKUIIAXKa, MPUXOASAIIEMYCS Ha OJJUH MarHuT — P, BeC 3TOT
CUMTAETCS PAaBHBIM NMOJABEMHOMN CUJIE IPU HYJIeBOM cMmenleHuu. Kpusas Ha puc.4
IPEACTaBIsAET 3aBUCUMOCTb OOKOBOM KECTKOCTH OT cMmetnieHust A. Hanbombiei
OOKOBOM KECTKOCTBIO MOABEC 00JaAaeT MPU HYJIEBOM CMEILIECHUU.

Orta xkécTkocTh HeHaMHOro mnpeocxoaut 0,08 Beca skunaxa npu
CMEIICHUH Ha OJJHY COTYIO IIUPUHBI MarHuTa.

Kpusbie Ha Puc. 3, 4 nonydeHsl U3 pacu€ToB MO MPEACTABICHHBIM BBIIIE
(dopMyIiaM, OTBEUAIOLIUM CIIy4ar0 OECKOHEYHO MUPOKOTo mosnoTHa. [Tockonbky B
Ipu TakoW pacy€éTHOM MOJENTM KpaeBoW jectabuinusupyromuii dhdext He
NpPOSIBIISIETCS,, TO €CTh OCHOBAaHUSl TOJiaraTth, 4YTO KpaeBOM SPQPEKT CHUBUT
3HAYEHHUE BO3BpALIAIOUIEH CUIIbI U OOKOBYIO JKECTKOCTh, TEM HE MEHEE, CUCTEMa
ST ¢ npo10JIbHBIM CTBIKOM COXPaHHUT YyCTOMYMBOCTH B OOKOBOM HalpaBJICHUH.

CpaBHeHHe mpejuiaraeMoro crnoco6a OOKOBOH CTaOMIM3allUUd ¢ UHBIMU
crocob0aMy TNPUBOJIUT K BBIBOJY O TOM, JHOOONW M3 HU3BECTHBIX CIIOCOOOB
cTaOMIM3aly MPUBOJUT K:

1) yco)KHEHHIO KOHCTPYKITUH TOJIBECA;

2) yXyIIICHHUIO JPYTUX JICBUTAIMOHHBIX Xapakrepuctuk DI

Paccmampusaemwiii ciocod crabminzanuu He ABiseTcs UCKIoUeHneM. C
TOYKU 3PEHUS YCIOKHEHHSI KOHCTPYKLHUHU MOJBECa CTAOMIM3alUs C MOMOIIbIO
IpPOJOJIBHOIO CThIKa 00JajaeT 3aMETHBIM NPEUMYILECTBOM Iepea APYTMMHU
croco0aMy TOCKOJIbKY JKMIAXHAash 4acTb CHCTEMbl HE H3MEHSIETCS BOBCE,
pacxoj MarepuaJia Ha €IMHULY JUIMHBI Tpacchl OCTAETCs IPEKHUM, a
YCIJIOKHEHHUE IIyTEBOr0 IMOJI0THA MUHUMAJIBHO.

3AKJIOUEHUE

Boipaxenust (5 u 6-7) MONTHOCTBIO PEIIAIOT MOCTABJICHHYIO 3aJa4yy IO
OMpPEACICHUI0  XapaKTepUCTUK  OOKOBOM  cTaOwiIM3aluyd  JKUIaxa ¢
ANEKTPOANHAMUYECKUM TMOJABECOM MpPU HAJIMYUM TPOJOJIBHOTO CTHIKA B
IIyTEBOM IOJIOTHE B paMKaX MPUHSTHIX JOMYIICHUH.

CpaBHeHue ¢ OOJBIIMHCTBOM JAPYTUX MpeAsiaraBlIUXCA CIIOCOOOB
CTAOMIM3alMKM TaKKE HE IO3BOJIAET BBIABUTH PEIIAIONIUX MPEUMYIIECTB WU
HEJIOCTAaTKOB HOBOTO crocoba. B OoNbIIMHCTBE CIy4aeB €ro CepbE3HBIM
HEJIOCTATKOM SIBJISIETCSI OTHOCUTEIBHO HHU3KOE JIEBUTALIMOHHOE KAYECTBO. DTOT
HEJIOCTATOK B 3HAYMUTEJILHOW CTENEHU TEepsieT CBOE 3HAUYCHHE, €CIIU JBUKCHHE
skunaxka BCHT nmpoucxoauT nmpenmMyniecTBEHHO C BBICOKOW CKOPOCTBIO, IMPH
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KOTOpPOM CHJIa a3pOJMHAMUYECKOTO COMPOTHUBJICHUS MPEBAIUPYET HAJA CUJIOU
AIEKTPOJIUHAMUYECKOTO TOPMOKEHUS.

Ctonib K€ YCIOBHBIM SIBJISIETCSI W YNOMSHYTOE BBIIIE€ JOCTOMHCTBO
paccMaTpuBaeMO CUCTEMBI — @blcoKas Ookosas dcécmrxocmys. [IpuunHa B TOM,
9TO0 TpeOOoBaHUS Ha OOKOBYIO >KECTKOCTh MOTYT OBITh KOJMYECTBEHHO
chopMylIUpOBaHbl JIMIIb MPUMEHUTEIBLHO K KOHKpeTHOM Tpacce BCHT ¢
yuétoM rpaduka IBWKEHUS U Jpyrux (akropoB. Kak u3BeCTHO, TJIaBHBIMU
NeCTa0MIU3UPYIOIIUMH BO3JICUCTBUSIMH B OOKOBOM HAIlPaBJICHUM SIBISFOTCS
cuJia MHEPIUU MPU JBHXKCHUU IO KPUBOJIMHEHHOMY y4acTKy M OOKOBOM BETEp.
NHTEHCUBHOCTh TMEPBOTO U3 ATUX (DAKTOPOB 3aBUCUT OT KPHUBU3HBI MyTH U
CKOPOCTU JIBMIKEHHSI, BTOPOTO — OT TOTO JIBUKETCS JM DKHUIAX B TYHHEIE,
yrayOJIeHHH, Ha YPOBHE 3€MJIH, WM 10 BBICOKOM 3cTakaje, oT GopMbl KopIiryca
JKHMaXa, OT TPEOOBAHUM BCEMOTOIHOCTH.

CBoro poJib B BRIOOpPE CUCTEMBI CTAOMIM3AIIMU MOTYT ChITPaTh U 3a/1a4H,
pemaembie npyrumu noacucremamu cucteMbl BCHT. Hrpaer ponb Takxke
OPUHLMIO JIEUCTBUS U KOHCTPYKIMS CHUCTEMbI TIrW. Tak, €eclu TAra
ocymiectBiseTcs: nmocpeactsoM CJIJ| ¢ BepTUKaIbHBIMU OOMOTKaMu, Hanbosee
PUBJICKATEIIBHBIM SBJISIETCS Ccrocod cradunuzaruu ¢ mnomomisio KCCHT
(KOMOMHHPOBaHHAsI CHCTEMa CTaOWIN3alMK, HanpaBieHus, Tsaru) [16] . B To ke
BpEMs BEPTUKAIBHOE PACHOJIOKEHUE DIIEKTPOMATHUTOB TATH HAKIIAbIBACT
ONpENENEHHbIE OTPAHMYCHMS Ha KOHCTPYKLUMIO DKHMAaXa M HCKIOYAET
BO3MOKHOCTh  ucnonb3oBanuss CJIJI s co3gaHus  AOMOJHUTEIBHOTO
NOJIEMHOTO YCHJIMS, a TIOCIeJHEE MOrJI0 Obl, B YaCTHOCTH CMSTYUTH
HEJOCTAaTKU Croco0a CTa0MIM3allid C MOMOIIBIO CThIKA B YacTH MOJbEMHOU
CWJIBI U JIEBUTAIITMOHHOTO Kau€eCTBa.

N3 ckazaHHOTO $ICHO, YTO OKOHYATEIbHBIH BBIOOP CHUCTEMBI OOKOBOM
crabwm3auu Ha HACTOSIIEM JTare HUCCIIEIOBAHUI ObLI OBl
MpeKACBpEMEHHBIM. [IpeanoKEHHBI M HW3YYEHHBIM B 3TOM CTaTh€ HOBBIU
Croco0 cTabmimM3aluy CIeayeT paccMaTpHUBaTh KakK €mié OJWH U3 BO3MOXKHBIX
Hapsay ¢ OpenjaraBmiuMmucs — panee.  OTBer  Ha  BOmpoC O
KOHKYPEHTOCIIOCOOHOCTH HOBOTO CIloco0a JOJDKeH OBITh MNpHBSA3aH K
xapaktepuctukaM KoHkpeTHo Tpaccel BCHT. Heobxomumo u panbHelinee
YTOYHEHUE pe3yJdbTaTOB, CBSI3aHHOE C 0o0Jiee CTPOTUM YYETOM KpaeBOro
s dexTa, a TakKe paCCMOTPEHHUEM CITy4asi HEU30JIUPOBAHHOTO CTHIKA.
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Komu HayuHbII EHTp YpanbCKkoro otaeneHus Poccuiickoi akageMun HayK
(CeixThIBKAp, Poccus)

HCIIOJb30BAHMUE JIBYXCTPOHHEM JIEBUTAIIUH
TPAHCIHOPTHBIX MOJIYJEN OTHOCUTEJBHO
APOYHOM 3CTAKAJIbI

OO0ocHoBanme: ApouHas »JcCTakaja T[O3BOJIIET UCIOJB30BaTh JBe padouune
MOBEPXHOCTU: BHYTPEHHIOIO (TOJI apKoi) M BHEIIHIOK (HaJ apKoi), KOTOpble MOTYT OBITh
3aJIeiCTBOBAHBI JUISl TEPEMEIICHUs] TPAHCHOPTHBIX MoJayieid. TpaHCHOPTHBIE MOIYIH
BKJIIOUAIOT B ce0si HMCTOYHHMKM MArHUTHOTO TIOJIA, a 3CTakada oO0opylIyeTrcs CTaTOPHOM
obMoTkoM. CtaTopHas 0OMOTKa MOJpa3AessieTcss Ha YCKOpsomyko (propulsion) oOMOTKY U
00MOTKY, 0OecCleunBaroNlyl0 MOMHATHE WKW mojiBemmBaHue (levitation) TpaHCITOPTHBIX
Monayiei. Kak BapwanT, oOMOTKa, oOecreunBaromias JICBUTAIIUIO, MOXXET OBITh 3aMEHEHA
MOCTOSTHHBIMHU MarHUTaMH.

Iean: moka3are BO3MOXXHOCTH apOYHOW 3CTakaabl Ul NEPEBO3KU MACCAKUPOB U
I'py30B.

MeToabl: MAaTEHTHBIN NOUCK, MOJIETUPOBAHUE.

Pe3yabTaThl: BO3MOXKHA OJIHOBPEMEHHAs IEpPEBO3Ka I'PY30B U IACCAKUPOB KaK B
MOITYTHOM, TaK M MPOTHUBOIIOJIOKHOM HalpaBJIECHUSIX.

3akiroyeHue: MoBblIAeTC 3((EKTUBHOCTh TPAHCIOPTHOM CHCTEMBI 3a CUET
JBYXCTOPOHHETO IEpeMELECHHsI MOTyJIEH.

Knrwoueswie cnosa: apo4Hasd 5CTaKaJa, MarHuTHas JICBUTal W, TpaHCHOpTHBIﬁ MOAOYJIb,
cTaToOpHasa O6MOTK8., HCTOYHHUKU MArHUTHOTO IIOJISA, I'Py30Bas Ka6I/IHa, macCaxupcCKas KaOHuHa.

Rubric 2: SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field “Transport”

© Evgeny Yu. Sundukov, Nadezhda A. Tarabukina
Komi Science Centre of Ural Division of the Russian Academy of Sciences
(Syktyvkar, Russia)

THE USE OF THE BILATERAL LEVITATION OF TRANSPORT
MODULES RELATIVELY TO ARCH TRESTLE

Background: The arch trestle allows using two working surfaces: internal (under the
arch) and external (over the arch) which may be used for moving of the transport pods.
Transport pods include magnetic field sources, and the trestle is equipped with a stator
winding. The stator winding is subdivided into the accelerating winding and suspension and
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levitation winding. As an option, the winding providing levitation can be replaced with
permanent magnets.

Aim: to show capacities of the arch trestle for transportation of passengers and goods.

Methods: patent search, modeling.

Results: simultaneous transportation of goods and passengers is possible both in the
same and opposite directions.

Conclusion: the efficiency of the transport system increases due to bilateral
movement of modules.

Keywords: arch trestle, magnetic levitation, transport pod, stator winding, magnetic
field source, cargo cabin, passenger cabin.

BBenenue

TpancnopTHbpIE CHUCTEMBl 3CTAKaJHOTO THUIA HAXOMAIT  IIUPOKOE
NPUMEHCHHE TIPY PEIICHUHU 3a7ad MEePEeBO3KH IMAaCCAXUPOB U Tpy3oB. K HuUM
MOXHO OTHECTH MarjieB [1], BaKyyMHO-JTE€BUTALMOHHBIE [2], MOHOPEIHCOBBIC
[3], cTpyHHBIE M JApyrHe TPAHCIOPTHBIE CHUCTEMBI, a TaKkKe KOMOWHAIIMH
KOHCTPYKTUBHBIX DJIEMEHTOB TaKUX CUCTEM.

Bo MHorux cnydasx, Korja B MEpBYIO odepelp TpeOyeTcss 0OecneuuTh
JNOCTYIHOCTb, @ y’K€ IOTOM MacCOBOCTh, IPY30BBIX U MACCAXKUPCKUX MEPEBO3OK,
HallpuMep, B CEBEPHBIX pernoHax P®, SKOHOMHYHEE M HANIEKHEE MOTYT
OKa3aTbCid MaylorabapuTHBIE TPAHCIIOPTHBIE CHUCTEMBI dCTakaaHoro tuma [4]. B
YaCTHOCTH, Ha mojurone kommnanuu SkyWay Henomanexky orT r. MuHcka
MPOXOJUT MCHBITAHUS JUHUS CcTpyHHOro tpancnoprta FOuuikoro (CTHO) ¢
HOBBIM 3JIEMEHTOM HWHOPACTPYKTYphl — apOYHBIMU OMOPAMH I >KECTKOU
nyTeBOH CTPYKTypsl [5]. B KkadecTBe MOJABIKHOTO cocTaBa OyayT
UCIIOJIb30BATHCSI HABECHBIE M IOJBECHBIE MACCAXKUPCKHE U TPY30BBIE MOAYJIU.
Pazpaborunku CTHO cuutaroT omHMM U3 HaumOoOJiee BaXKHBIX aACICKTOB
(YHKIIMOHUPOBAHUS CHCTEMbBI KOHTAKT «CTaJIbHOE KOJIECO — PEIIbCY.

B omnuuume OT CTpYHHBIX TEXHOJOTHMH MAarHUTOJIEBUTALIMOHHbBIC
TEXHOJOTUU  TIO3BOJIAIOT  OOECHEYWTh  OECKOHTAKTHOE  TepeMeleHue
TPAHCHOPTHBIX MOAYJIEH (SKUIAXKEW) OTHOCUTEIBHO 3CTAKa/Ibl, YTO UCKIIOYAET
moboe Tpenue. [IpeomoneBaTs NPUXOIUTCA TOTBKO COMPOTUBIICHNE BO3IYIITHOM
cpeabl MpU CKOpPOCTAX ABMKeHus 6oiee 300 km/4.

Onucanue apoyHOM 3CTAKAAbl U TPAHCHOPTHBIX MOIYJICH

Haubonbmiee pacrnpocTpaHeHHWE TONYYWIM MAarHUTOJICBUTAIIMOHHBIC
cuctembl T-oOpa3Hoit ¢dopmbl (repmaHckuii BapuaHT) u U-00pa3Hoil (HopmbI
(IMOHCKUI BapUaHT).

B nmanHO# cTathe paccMaTpUBAIOTCS BapUaHTHI BO3MOKHOTO Pa3BUTHS
MaJjora0apUTHBIX MAarHUTOJICBUTAIIMOHHBIX CHCTEM C apOYHBIMH OTOpaMU
SCTaKaJbl WM 3CTaKajgoi apodHoro Tuma [)-o0pasHoit ¢opmsl [6]. IIpomeTst
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MyTENPOBO/Ia B O0IEM cliydae MPEJCTaBISIOT COO0M KECTKYIHO KOHCTPYKIIHUIO,
000pYy/IOBaHHYI0 MCTOYHMKAMH MATrHUTHOTO TIOJII, KOTOPbIE€ OOECIEeYMBAIOT
yckopeHnue (propulsion) u mnoaHsTue wu/unu nonapemuBanue (levitation)
MajorabapuTHBIX TPAHCHOPTHBIX MoAyJel [7].

ApouHasg 3cTakaja TO3BOJAET MCIOJB30BaTh [JI1 IEPEMEUICHUS
TpaHcnOpTHBIX Moayieh (TM) nBe paGodue MOBEPXHOCTH: BHYTPEHHIOW (MO
apkoi) u BHemHIO (Han apkoi). B 3aBucumocTtu ot 3T0oro TM MoOryT OBITH
HaBECHBIC (BEpPXHEE PACIIOIOKEHHUE) U TIOIBECHBIE (HIKHEE PACIIOIOKEHHUE).

OcHoBHbIMU dJieMeHTamMu TM  sBisitoTcs  kabuHa (Tpy3oBas WU
naccakupckasi) 1 MyBep (OAWH WIM HECKOJbKO). MyBep mpenacraBisier coboi
YCTPOUCTBO, COJEprKalllee UCTOYHUK MAarHUTHOTO mocTosiHHOTO mosst (MMIIII),
JUIST  B3aUMOJICUCTBUS C HCTOYHMKAMHM MArHUTHOTO TIOJIE  ACTaKajbl,
obecneunBaromumMu yckopenue TM. MyBep u kabuHa MOTYT OBITh COEUHEHBI
JIpYr C JAPYroM HEMOCPEIACTBEHHO, JUOO C HMCIOJIb30BAaHUEM MEXaHHYECKOTO
COCIMHEHUS — TATH, TUOO0 KAaKUM JAPYTHUM CITIOCOOOM.

Yckopenne TM  Moxker  3amaBaTbCsi  MOCPEACTBOM  JIMHEMHOIO
AJIEKTPOMArHUTHOTO JBHUTATeNsA, JJIi Yero 3cTakajga oOOpyayeTcs CTaTOPHOMU
oOMoTKOM. JIJg 3a7aHus JIyYIIeT0 MAarHUTHOTO YCHJIMSI BUTKH 3JIEKTPOMAarHuTa
MOTYT  YCTAHABJIMBAaThCS  HAKIOHEHHBIMU  OTHOCUTEIBHO  HANpaBJIEHUS
neuxenus TM [8].

HcTOYHUKM MarHMTHOTO TOJISI 3CTaKa/abl, 00eCIeynBaloIre JIeBUTALIUIO
TM, w™Moryr OBITh KaKk TOCTOSSHHBIMU Marautamu — HWMIIIL, Tak w
aNeKTpoMarHuTamMu. B mocnenmHem  ciaywae  3cTakajma  obopyayercs
JIOTTOJIHUTEIIBHOM CTaATOPHON OOMOTKOM OrpaHHYHUTEIIs repeMenieHuit [9].

BapuaHTbl HCTIOIB30BAHMS «CTATOP — MYBep — KAaOMHA»
U «CTATOP — MYBep — TAra — KaOuHa

PaccmatpuBaeMble HIDKEe BapUaHTBl apOYHOW ACTaKaibl pa3pabOTaHBI
aBTOpaMH CTaThbd, OGQOpMIIEHBI 3afABKOM Ha BblAady mnareHta P® Ha
uzooperenne  Ne 2018144317  mpuoputeT 14.12.2018 r.,  moOJy4eHO
MOJIOKHUTENIbHOE pelieHne (popManbHON IKCTIEPTU3HI.

Ha Puc. 1 moka3zana ojgHa u3 BO3MOKHBIX KOH(QUTYpaIluii TpaHCIIOPTHOM
CHCTEMBbI HA OCHOBE apPOYHOM ICTAKAJbI C IByXCTOPOHHEH JieBuTanuen TM npu
BEpXHEM pACIOJIOKEHUU TPY30BOTO MOJYJA (BapUaHT «CTaTOp — MyBep —
KaOWHa») U HIKHEM PACIIOJIOKEHUU MACCAKUPCKOT0 MOAYIS (BapUAHT «CTATOP
— MyBep — Tsra — KabuHay), TJIe:

1 — xaGuHa TPY30BOT'O0 MOJTYJIS;

2 — MyBep TPY30BOTO MOIYJIS;

3 — UMIIII rpy30BOoTO MOAYIsI, 0OECIIEUNBAIOIINE JICBUTAITHIO;

4 — apoyHas onopa;

5 — cratopHasi 0OMOTKA JIs JIEBUTALIUU TPY30BOTO MOTYJISI;
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6 — ctaTopHast 0OMOTKA AJIEKTPOMArHUTA;

[ — maccaXMpCKU MOYJIb;

8 — xabrHa MaccaXXxupcKoro MoyJis;

9 — MmyBep nmaccaxxupcKoro MoyJis;

10 — coenuHMTENIbHAS TATA;

11 — UMIIII sctakaasl s IEBUTAIIMN TACCAKUPCKOTO MOAYJIS,

12 — GanouyHass KOHCTpyKuus sl pasMemieHus myBepa u HWMIIII,
00ecreynBaroIKX JEBUTAIMIO TACCAKUPCKOTO MOAYJIS;

13 — onopHast MOBEPXHOCTb.

1

| ]

("]

W
E

10

-

13

Puc. 1. TpancnopTHas cucteMa Ha OCHOBE apOYHOM 3CTAKA/IbI C ABYXCTOPOHHEH
JIeBUTANMEH Motysiel: 1 — kabuHa Tpy30BOTO MOIYIISI; 2 — MyBEP TPY30BOTO MOIYIIS; 3 —
NMIIII rpy3oBoro Moayisi, ob6ecreurBaromiye JeBUTALNIO; 4 — apoyHas ornopa; 5 —
CTaTopHast 0OMOTKa JUIs JICBUTALIMH IPY30BOTO MOAYIISA; 6 — cTaTOpHast 0OMOTKa
AJIEKTPOMArHuTa; 7 — MacCaKUpPCKUil MOIylb; 8 — KaOWHA MaCCaKUPCKOTO MOIYIS; 9 — MyBep
naccaxxupckoro Mmoayisi; 10 — coequnurensHas tsra; 11 — UMIIII scrakanp! aid neBUTALMA
MACCaXXUPCKOTO MOTyIs; 12 — GanoyHasi KOHCTPYKIUS Uit pasMenienus myBepa u UMIIII,
o0ecreynBaroINX JICBUTALIMIO MTACCAKUPCKOTO MOAYIS; 13 — onopHas HOBEPXHOCTh

B nmannoil koHpUTYpauu MyBep 2 TPy30BOT0 MOJIYJSl HEMOCPEICTBEHHO
KpEMUTCs K TPy30BOil KabuHe 1, KaK ¥ UICTOYHUKU 3 MarHUTHOTO MOCTOSIHHOTO
moJtsi, obecnieunBaromue Jieputanuo TM. CtatopHas oOMOTKa S5 1715 JICBHTAIIUN
TM pacnonaraercs cjieBa U cIipaBa OT CTATOPHON OOMOTKH 3JIEKTpOMarHura o,
KOTOpass MMEET JBOWHOE HA3HAYEHUE: OJJHOBPEMEHHO 33Ja€TCSl YCKOPEHHUE H
IPy30BOMY (BEpXHEMY), U Maccaxupckomy (HxkHemy) TM.

[Naccaxxupckas kabuHa 8§ u MmyBep 9 Moy 7 COEUHEHBI MTOCPEACTBOM
Tsru 10. MyBep 9 ucnosib3yeTcs Kak Ui JieBuTauuu TM, nois u ajist 3agaHust

Received: 18.05.2019 Revised: 07.07.2019 Accepted: 15.07.2019
Moctynuaa: 18.05.2019 Opno6pena: 07.07.2019 Ipunsita: 15.07.2019



87 TPAHCHOPTHBIE CUCTEMbI 1 TEXHOJIOI'MH OPUI'MHAJIBHBIE CTATbH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

eMy yckKopeHus. JleBuramus ocyuiecTBisieTcsa npu B3aumoxaenuctsuu HMMIIII
MyBepa 9 C TOCTOSHHBIMM MarHutamu |1, pacronoKeHHBIMH II0 BCEU
MPOTSHKEHHOCTH ACTaKkagbl BHYTpH OaniouHOM KOHCTpykmuu 12. Mysep 9
IepeMeIaeTcsl BHYTPU KOHCTPYKUMM 12, moj JelCTBHEM CHII YCKOPEHHS,
CO37aBa€MbIX MpU 3AMUTHIBAHUUM TOKOM OIPEACIICHHBIX BUTKOB OOMOTKH 6,
COOTBETCTBEHHO, C HUM IIEPEMEILACTCA BECh TPAHCIIOPTHBIA Monayib 7. Ilpu
OTOM OJHOBPEMEHHO MEPEMENIAETCS TPy30BOM MOAYJIb C MyBepoM 2. B
3aBucuMoctd ot nosisipHoctu UMIIIT myBepoB 2 u 9 BepxHuid U HWxKHHI TM
OyayTr mepememiarbcsi JUOO B TMOMYTHOM, JIMOO B MPOTHUBOIOJOXKHBIX
HaIlpaBJICHUSIX.

MarHuToneBUTallMOHHBIE CUCTEMBI HA OCHOBE ACTaKaJbl apOYHOTO THUIIA
CIOCOOHBI 00ECMEeYUTh MEPEeBO3KM MACCAXXUPOB M TPY30B B JIECUCTHIX U
3a00JI0YEHHBIX MECTHOCTAX, a Takke 3()PEKTUBHOE MPOTUBOCTOSIHUE CHEKHBIM
3aHOCaM M JIpyruM atMochepHbIM siBJIeHUsIM. bojee 3aluIIeHHBIMH B TaKHX
YCIIOBUSAX OKAXYTCS CUCTEMBI C HIDKHUM pacrosioxenueM kadunsl (Puc. 2).

HanpaenAtowan
banka

ApoOYHble
onopsol

O6moTKa
3M1eKTpoOMarHumTa

MICTOYHKWKKU
MArHMTHOro

—] NOCTOAHHOrO
CoeanHuTeNnbHanA nons

TAra

KabuHa

Puc. 2. MarsuTojaeBUTaAlMOHHAS CUCTEMa Ha OCHOBE ACTaKaJIbl dpOYHOI'0 THIIa
C HUKHHUM PACIIOJIOKCHHUCM KaOUHBI

Onopbl 1 Hampapistomas Oanka 3CTakaabl MOTYT W3TOTaBIWBATHCA W3
CTeKJomIacTuka. lIpuMeHeHne  KOMIO3UTHBIX  MAaTEPUajIoOB  MO3BOJISIET
YBEIIMYUTh MPOYHOCTh U KOPPO3UHHYIO CTOMKOCTH coopyxkenuid [10, 11]. Bec
CTEKJIOIUIAaCTUKOBOTO HACTHJIa cocTaBisieT Bcero okoio 20 % ot Beca
aHAJIOTUYHOTO KEeJIe300€TOHHOTO MOKPBITHUS.

HNcrtoyHukamMyu MAarHMUTHOTO TOCTOSIHHOTO TMOJii MOTYT OBITh MOIIHbBIE
MOCTOSIHHBIE MAaTHUTHI HA OCHOBE PEJIKO3EMENIBLHBIX 3JIeMEHTOB [12, 13].

Kak roBopusiock Bbllle, MyBep Takxke coaepxutr B cedbe HWMIIIL
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KenatenbHo, utoObl MarHutHoe mosie MIMIIII myBepa ObulO HaBelEHHBIM, a
BEJIMYMHA €r0 MarHUTHOM MHIYKIMM 3ajaBajach Obl B 3aBHCHMOCTH OT Beca
KaOWHbI W YCJOBHMH, B KOTOPBIX MPOUCXOAUT ABWXKEHHE. IOTYy (DPYHKIHUIO
MO3BOJIUT 00ECNEYUTh KpUocTaT B (hopMe JUCKA, BHYTPH KOTOPOTO HAXOJUTCS
ceepxnpoBoasuuit UMIIIL.

[Ipennonaraercs, yTo MyBep OyAeT MHTEIEKTYaJbHbIM yYCTPOICTBOM W,
nomumo HMIIIL, comepKUT BBIUMCIUTEINBHOE YCTPOMCTBO, OIPEAEIAIOLIECE
JOIIyCTUMbIE HAIPY3KU, MAapLIPYT ABMKECHUS U AP.

BapuaHT MCIIOJIB30BAHMS «CTATOP — MyBep — TpeBeJliep — KaOuHa»

CrnenyrommuM 1maroM B pPa3BUTHUH TMOJOOHBIX TPAHCHIOPTHBIX CHCTEM
MOXKET OBITh OECKOHTAaKTHOE COCJWHEHHE MyBepa M KaOWHBI, KOTOPOE
o0ecrneunBaeTcsl UCIOJIb30BaHueM 3(PPeKTa «MarHUTHOW MOTEHITUAIBHOMN MBI
[14], ocHOBaHHOTO Ha B3aWMOJCWCTBHH JBYX HJICAIHLHO TPOBOJISAIINX KOJIEI.
Onuum u3 kojen Oynet UMIIII mysepa, a apyrum — UMIIII kabunsr (Puc. 3).
HazoseMm ero «tpeBemiep» (momytuuk, fellow traveller). B atom ciyuae
Hampasisiomas Oanka OymeT Hepa3pe3HOW, |TOo IO3BOJHMT  CO3/aTh
ONmarompusiTHbIC YCIOBUS I JABWKCHHS MyBepa U CTaOWIM3AIMH  €ro
noJjioxkeHust. Tpesesiep OyaeT NOBTOPSTH JBUKEHUSI MyBepa.

Hanpasnatowas
banka

ApoOYHbIe
onopbl

ObmoTKa
3N1EKTPOMArHMTa

VICTOYHUKU
MarHMTHOro
NOCTOAHHOIO
nona

Tpesennep

KabuHa

Puc. 3. MarauTosieBUTallMOHHAs CUCTEMA HA OCHOBE ACTAKAa (bl ApOYHOTO THIIA
C HIKHUM PACIHOJIOKEHHEM KaOUHBI 1 OECKOHTAKTHBIM MOJICOEANHEHHEM
MyBEpa U TpeBeiuiepa

B 3aBucumMoctu oT Beca U pa3MepoB KaOMHBI Ha €e TpeOHE MOXKET OBITh
YCTAHOBJICHO HECKOJBKO TPEBEIICPOB, IS KaXXIOTO W3 KOTOPHIX B OalKy
3aIyCKaeTCs «IEePCOHATLHBIN MYBED.
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MyBep, HaxOOAIIMKWCA B CHIBHO Pa3pEkKEHHOM Cpele, MOXKET
NepeMemaTbcsi € BBICOKOM CKopocThlo. OpaHako, KaOMHA TMpU BBICOKUX
CKOPOCTSIX JIBIDKEHHS OyleT TpeoJoJieBaThb CUJIBHOE  CONPOTUBIIECHUE
BCTPEYHOI'O0 BO3AyXa M HarpeBarbcsa. IloaTOMy coriiacoBaHHass CKOPOCTH
JBUKEHUSI KAOWHBI K MyBepa HE JTOJKHA MPEBbIIATh KPUTUYECKOTO 3HAUCHUS —
300 xkMm/y.

Ha ctaguu co3manus cuctemsl [15] koHCcTpykums sctakansl 1 TM Moxer
BKJIIOUAaThb  CTPAaXOBOYHBIE  JJIEMEHTBI,  IPENSATCTBYIOLIME  BO3MOKHBIM
IIOBPEXKICHUSAM, HallpuMep, B ciydae Iorepu caepxrnposoaumoctu HMMIIII
MyBepa. IIo Mepe COBEpPILIEHCTBOBAHUSA TEXHOJIOTUN JAHHBIE 3JIEMEHTHI CTAHYT
aTaBU3MaMH.

B ycnoBusx Ceepa Poccun MOXKHO PEKOMEHIOBATH HCIIOJIb30BaHUE
apOYHBIX ACTAKAJl 3aKpbITOro TUMA [7]. B pailoHax, rjje HET CUILHONW BETPOBOM
Harpy3Kud M CHEXXHBIX 3aHOCOB, BIIOJIHE BO3MOXHO MCIIOJIb30BAaHUE BAapHUAHTOB
apoYHOM 3CTaKabl, MpeagaraeMbix apTopamu (cMm. Puc. 2, 3). Ilpu sTom Moxynu
JUISL  TIEPEBO3KM MACCAKUPOB OOOPYAYIOTCS TpeOHSAMHU, BBICOTA KOTOPBIX
oOecrieunBaeT 0e€30MacHOE yAaJeHHEe OT MCTOYHMKOB MArHUTHOTO TOJS,
HAXOJIAIMMUXCA B OAIOYHON KOHCTPYKIHH [6].

BriBoabl

TpaHCIOpTHBIE CHUCTEMBI C JIBYXCTOPOHHEW JIEBUTALMEW MOIYJIEH
OTHOCHUTEJIBHO apOYHOM 3CTaKaJbl MOTYT HCIOJIb30BaThCA JMJISI IEPEBO30K
MACCaKUPOB U TPY30B cO ckopocTsamu 10 300 KM/4, TIpH ITOM:

— JKENaTEeNbHO MCIIOJIb30BaTh MaJoradapuTHHIE TPAHCTIOPTHBIC MOIYJIH;

— 1ubo TmaccWBHas CTaTOpHas OOMOTKa, JHOO TIOCTOSIHHBIE MAarHUTHI
00ecreynBaloT JIEBUTAIMIO TPAHCIIOPTHBIX MOJYJICH;

— AaKTUBHasg CTaTOpHas OOMOTKa B3aUMOJEHCTBYET C MyBepaMu

TPAHCHOPTHBIX MOYJIEH;

— IS IEpeMENIEHUS MYBEPOB CO3/IAI0TCS UJI€AIbHBIEC YCIOBUS;
— TpEeBEJUIephl, B CIy4ya€ HX HCIOJb30BaHUSA, IOBTOPSIOT JBHKECHUS

MYBEpOB;

— TIPU CTPOUTEIHCTBE MArHUTOJIEBUTALIMOHHBIX CUCTEM Ha OCHOBE apOYHOMU

ACTaKaJbl BO3MOXKHO HMCIOJb30BaTh KOHCTPYKTUBHBIE PELICHUS IPYTHX

MHHOBAIIMOHHBIX TPAHCIIOPTHBIX CUCTEM.

ABTOP(BI) 32a9IBJAKOT, YTO:
1. 'V Hux HeT KOH(MIUKTAa HHTEPECOB;
2. Hacrosmas ctaths HE COACPKHUT KaKUX JTHOO UCCIACAOBAHUN C yIaCTHEM
JIOJICH B KaueCTBE OOBEKTOB MCCIICIOBAHUH.
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MAGNETICALLY LEVITATED TRAINS DYNAMIC MODELLING

Background: The synthesis of high-quality dynamics and its analysis are the cardinal
tasks of a magnetically levitated train’s (MLT) creating problem.

Aims of the work: Design the paradigm and technique of specified tasks’ rational
solution.

Methods: The synthesis of the wanted motion is proposed to carry out by solving the
system’s dynamic’s inverse problem, and its preliminary analysis — by solving the same
dynamic’s direct problem.

Results: The reasons for MLT’s dynamic’s modeling are identified and substantiated.
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The paradigm and tensor technique of its computer synthesis and analysis was developed.

Keywords: magnetically levitated train, dynamics, analysis and synthesis, computer
modeling, tensor technique.

BBEJIEHUE

MaruuroneButupytomue mnoezaa (MJIII) ABuUKyTCS CO CKOPOCTSAMH,
HAMHOTO 0oJieeé BBICOKMMH, YE€M HHBIE CpPEJCTBA HA3EMHOTO TPAHCIOPTA.
be3onacHOCTh Takoro JBMXXEHUS JTOKHA OBITh TApaHTUPOBAHHO oOecTieueHa BO
BCEX BO3MOXKHBIX JKCIUTyaTAIIMOHHBIX PEKHUMAX U MOXKET ObITh UHAUIIMPOBAHA
KpUTEPUSIMH €ro KadecTBa. OJTO JeJaeT HEOOXOJUMBbIM KOPPEKTHOE U
JIOCTATOYHO MOJHOE MOAECIUPOBAHUE TUHAMUYECKUX MPOLECCOB, MPOTEKAIOMINX
B MJIIL. TlosTomy cpenu 3amad mpoOieMbl CO3JaHUS TaKUX TMOE370B Juaja
CHHTE3a UX KAYECTBEHHOW IMHAMUKU U €€ aHAJIN3a SIBISETCA KapIUHAIBHOM.

MupoxomacimitaOHbIi HaTypHBIN 3Kkcniepument ¢ MJIIT nmopor, moror,
OMaceH, a 3a4acTyl0 U BOBCE HEBO3MOXKEH. TpagullMOHHBIE AHATUTUYECKHE
METO/bI UCCJICAOBAHUS UX JUHAMUKH, KaK MPaBUJIO, TaKKe Majod((EeKTUBHBI.
CnenoBaTenbHO, BO3MOXKHO OOJbIIas 4YacTh TAaKUX MCCIEIOBAHHUHM OJDKHA
BBITIOJTHATBCA IMYTEM KOMIIBIOTEPHOTO MOJenupoBaHus [1], coderaromiero B
cebe, Kak  HW3BECTHO, MHOTHE  JIOCTOMHCTBA AHAIUTUYECKUX M
AKCIIEPUMEHTAIIBHBIX METOJOB. B TO ke Bpems, TOCTHAKEHHUE MAKCUMAJIbHO
BO3MOXKHOU A((PEKTUBHOCTH TaKOro MOJeIUpoBaHus amOuBajieHTHO. OHO
TpeOyeT 3HAYUTEILHOTO MOBBIIICHHS KaueCTBAa UCITOIb3YEMbIX MaTEeMaTHIECKUX
MOJICJIEH TIPU HAUMEHBIIEH PECYPCOEMKOCTH HX IMOJYYECHUS WU peaTU3alllH.
TpanumuonHsie criocoObl pemieHust 3amad auHamMuku MIIIT ogHOBpEeMEeHHO
yJIOBJICTBOPUTH YKa3aHHBIC aHTAarOHUCTUYECKUE TPeOOBAHUS HE IMO3BOJISIOT.

3AJAUM UCCJIETOBAHMS

Pe3ynbraTthl aHanmm3a W3JI0KEHHBIX (DAKTOB BBISBISIOT IOTPEOHOCTH B
pa3paboTKe MmapaJurMbl 1 METOJIUKH PAIIMOHAILHOTO PEIICHUS 33]ad CUHTE3a U
aHann3a quHamuku MJIIL

PALIMOHAJIM3ALIUS AJITOPUTMA
UCCJIEJOBAHUA TUHAMUKA MUJIII

AOCOIOTHOE OOJIBIITMHCTBO COBPEMEHHBIX HCCIIEAOBAHUN JTHHAMHKH
MUJIIT ocHOBaHO Ha pelIeHUU ee MPsIMOK 3a1aun [2—4], To €CTh — MHOTOKPAaTHOM
MHTETPUPOBAHUM CUCTEM HEJIMHEUHBIX Ju((depeHIaNbHbIX YPABHEHUI BTOPOTO
nopsiika. VX 4ucino oOBIYHO BEJIMKO, a BBIPAXKEHUS DJIEMEHTOB — I'POMO3JKHU U
CJIOKHBI. PerieHuto ynoMsHyTO# 3a/ladyu JOJIKHO TMPEAIIeCTBOBATh MPUBEACHUE
YpaBHEHUN MOJIETH K IEPBOMY MOPSAKY, YTO COMPSIAKEHO C 0OpallIEHUEM MaTpUIl
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BBICOKOW  pa3MepHOCTH. Ecnu  yduThIBaeTcs  mapaMeTpudeckas — u/uim
CTPYKTypHasi HECTALIMOHAPHOCTb CUCTEMBI, TO TaKO€ OOpalieHHhe HEeO0OXOIUMO
BBITIOJTHSITh Ha KaXXJIOM I1are MHTerpupoBanusi. OnepaTUBHBIA CUHTE3 JIBIKCHUS
noeszia TpeOyeT “00pTOBOM”, MPOrHO3UPYIOIIECH, MHOTOBApUAHTHON peallnu3aliuu
€ro MOJIEJIH, BBIITOJIHEHUE KOTOPOH OMMCAHHBIM TPAJAULIMOHHBIM MIyTEM BOBCE HE
peasibHO. Ho faxke eciu MOZeNb MpeanoiaraeTcsi UCNoiIb30BaTh J1sl TOBEPOYHBIX
pacy€ToB B CTAIlMOHAPHBIX — HE “OOpPTOBBIX’ — YCIIOBUSX, a pacu€THas cxema
CUCTEMbl MpPHUHATA HE CIUIIKOM CJIOXHOW, CTAallMOHAPHOM M TOJOHOMHOMH,
UHTETPUPOBAHUE YpPaBHEHUM TAaKOW MOJENM HEONpaBAaHHO PECYPCOEMKO.
[IprurHa 3TOr0 — NABUHOOOPA3HBIA POCT 00BEMA M KAaTaCTPOPUUYECKH OBICTpOE
najeHue  TOYHOCTh  TpeOyeMblX  MH(QOPMAIMOHHBIX  MpeoOpa3oBaHMA
MoJienpoBaHusi. OCHOBHOW K€ HEYCTPAaHUMBIM HEIOCTATOK TPAJAUIIMOHHOTO
nyTy pemienus 3anad auHamuku MJIIT coctout B TOM, 4TO pe3yabTaT perieHus
OpsIMOM 3a/layll TaKOM JAMHAMHUKH HOCUT MpeliCKa3aTesIbHO-KOHCTATUPYIOLIUH,
KOTHUTUBHBIN, HE KpPEAaTUBHBIA XapakTep ¢ NPUHIUIUAIHLHO HE MOXET
rapaHTUPOBATh JOCTHKEHHE TPEOYyEeMOro KadyecTBa U3y4aeMoOro JIBUXKEHUSI.

Cneur nmapaaurmsl uccienoBanus quHamuku MIIIT B ctopony perieHus
ee oOpaTHOM 3amauM paJUKaIbHO MEHSET cuTyaluio. Peanuszanus moaenu
IBWKEHHUSI CTAHOBUTCS 3HAUUTEIIBHO MEHEE PECypCOEMKOM U  BIOJIHE
BO3MOKHOW HENOCPEICTBEHHO B IMPOLECCE IOCTPOCHUS [BHKEHHS — Ha
O00pTOBBIX KOMMbIoTepax. OcCylllecTBIEHHE pPe3yJbTaTOB TaKOW peaan3aluu
MO3BOJISIET TAPAHTUPOBATh TpeOyeMOe KaueCTBO KOHCTPYUPYEMOTO ABUKEHUS U
npulaTh CUCTEME BeCbMa BakHOE CBOMCTBO Trpyboctu [5]. Ecam, k ToMy xe,
yIpaBI€HUE TOE3/I0M OCYIIECTBISACTCA MO OOOOIIEHHBIM YCKOPEHHSM, TO
BO3HUKAET JIOMOJIHUTENbHAS BO3MOXKHOCTh aBTOMATHYECKOTO oOOecreueHus
CBOMCTBAa AaJaNTHBHOCTH [JBIXKCHHS K oOcrtanoBke [6]. Wccaemosanue,
Oasupymolieecss Ha TpeajaraeMoil mapajaurMe, oOpeTaeT KpeaTHBHBIM,
ABPUCTUYECKUN  XapakTep, HE NPUCYIIHA TPAOJUUHOHHOMY IIyTH €ro
OpOBEJCHHUs. OTO  TO3BOJSIET  CYIIECTBEHHO  OOJEryuTh MpoOIecC H
YCOBEPIIEHCTBOBATh PE3YJIbTAT CUHTE3a JUHAMHUKU PACCMATPUBAEMOI CUCTEMBI.

NcuepneiBaromuii aHanu3 pe3yibtupytomein auHamuku MIJIIT TtpeOyet
MPOBENICHUS JKCIEPUMEHTOB HATypHBIX. OgHAKO HX O0BEM JOMKEH OBITh
COKpaméH 70 aOCOJTIOTHO HEW30EeKHOro MHUHUMyMa. Bce mnpenumuHapHbIe
AKCHEPUMEHTHI JOJKHBI OBITh KOMIBIOTEPHbIMU. OHU BIOJIHE BBINOJHUMBI B
CTAIlMOHAPHBIX — HE “OOPTOBBIX” — YCIOBHSIX, B TIPOU3BOJIBLHOM, YIAOOHOM IS
UCCIIE0OBaHUs, MaclITabe BpEMEHU U PAllMOHAIBHO PeaN3yeMbl TPAIUIMOHHBIM
MyTEM — PELICHUEM NPSIMON 3aa4u TUHAMUKH MOE3/a.

METOJJUKA TOCTPOEHUSA MOJIEJIN
ECTECTBEHHOM TMHAMUKH MUJITI

bazucom IIOCTPOCHUA JKeJlaeMoM JUHAMHKHM II0€34a MABJIIIOTCA €TI0
CCTCCTBCHHBIC — IIOJ BO3I[€I>10TBH€M 0O0BEKTUBHBIX BOSMYHICHI/Iﬁ — JABHWIKCHHA.
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OHM NOJJIEeKAT NPUOPUTETHOMY MOAECAUPOBAHUIO. OCHOBHBIMU KPUTEPUSMU
BbIOOpa €ro METOIUKH JOJDKHBI OBbITh: IOJIHOTA, CHHTETUYHOCTh WM YJ0OCTBO
OPraHUYHOr0 Y4€Ta MapaMmeTpoB, CTPYKTYpPhl CUCTEMBI, a TAKXKE MPOTEKAIOIIUX B
Hel nporieccoB. Pe3ynbTaThl aHammM3a, UCXOASIEro U3 ATUX KPUTEPUEB, TTOJJOOHOTO
pozia anbTePHATUBHBIX METOAMK CBUACTEILCTBYIOT O MPEUMYIIECTBAX TEH30PHBIX
METOJIOB 10 CPAaBHEHUIO C KIACCMYECKUMH. OCHOBHBIMH U3 3THX MPEHUMYILECTB
SIBIISIIOTCS: VMHBAPUAHTHOCTh MOJTy4aE€MBbIX YpaBHEHUI OTHOCHUTEIIBLHO
npeoOpa3oBaHuil KOOpPAWHAT;, TeOMETpU3allusl TPOIIECCOB aHalM3a W CHUHTE3a
JIBUYKCHUS; PAIIUKAIBHOE MOBBIICHUE KOMIIAKTHOCTH U 0003PUMOCTH BBIPAXKCHUI;
PEKYPPEHTHO-OJI0YHBIN XapakTep MpoIeayphl MOJACIUPOBAHUS C JH000M TpeObyemon
TITyOWHOW BJIOKEHHOCTH; BO3MOXKHOCTh BBICOKOH (hOpMaiM3aliiy U aBTOMAaTU3aluU
nporiecca UCCleI0BaHus Ha 0a3e CUCTEMATUYHOTO MCIIOJIb30BaHMSI KOMITBIOTEPHOM
TeXHUKU. V3110:KeHHbIE (haKThl BBISIBISIOT 11€7IECO00Pa3HOCTh M30paHKsl TEH30PHOTO
THIIa METOIMKH JUISI CHHTE3a U aHanu3a quHaMuku M.

[Ipu pemiennn muorux 3aaad nuHamuku MJIIT B kauecTBe pacyETHOM CXEMBI
ero Mexanumuecko moacucrembl (MII) 1enecooOpa3HO TpUHATH —arperar
a0COIOTHO TBEPJIBIX — OMOPHBIX — TEJI, COSTUHEHHBIX C TTOMOIIBIO CBS3CH depe3
nojaTiivBbie 6J0ku. [103TOMYy B KauecTBE OCHOBBI CO3/IaBAEMON METOJUKH IPUMEM
mddepeHIaibHble  ypaBHEHHUST TPOCTPAHCTBEHHOTO JIBMJKEHHMSI TaKOro Tella B

WHEpIMAIBGHON cucTteMe KoopauHar OX s Vpe [ﬁ]. [locnennue ypaBHEHHS

W3BECTHBI [ /], Bcerna HEeM3MEHHbI M1 UMEFOT BT

Fijo - 8 +E. 8 & =K VocBye[l 6], Q)

jjo,By

roe f. Va,Bvell 6] — KOBAPUAHTHBIA METPHUCCKHIA TEH30p | -TO

jop? Eijapy
OIIOPHOTO Tejla pacu€THOW cxeMblI 1 -ro skunaxka MJIIL, a takxe TpéXI/IHzLeKCHLIﬁ

cumBoj Kpuctoddenst 1-ro poma Toro e Tena B KOOpAUHATAX 8 VBell 6];

IJ,K Va,Bell, 6] — OMOPHBIC KOOPAMHATHI TOrO JK€ Tela OTHOCHTEIHHO

Tpudapa OX  Vpe [1, 3], a Tak:Ke COOTBETCTBYIOIINE UM O0OOIIEHHBIE CUITBL.

[Tpunumasi, Hapumep

1_ .2 - )
€ = Xijc1r  &j = Xjcz2y & = Xjjczs

1 ~ 2 _ A . .6 3 _ =~
:)\‘ij:\vijl 8i5j:7\’ij:9ij1 gij:)\‘ijZYiﬂ 2)

e X.Vpe [1,_3] — JeKkapToBel KoopauHaThl Toukd 1JC — 1eHTpa Macc

ijCp

paccMaTpuBaeMoro Tesia — B Tpusape OX  V p e 1, 3];

v i i ,'}7"- — SUJIEPOBBI YTJIbI, ONPEACIISAIONINE B3aUMHYK) OPUEHTALIMIO CBS3aHHOTO

¢ Tenom 1JCz Vr e [1 3] u Toro ke mHepmamsHOro OX ,Vpe [1, 3] TpuompOE,

MOZKHO IT10OKa3aTb, 4YTO
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fijt 0 SR
f Yao,Bell 6];

ijop — 0 fijr
fy, = diag{m;, m;, m,
fise  fiss  Tise
fir =| fisa  Tjss O [
fies O fig

_ @z in( = 2 in( Qg -
fijas = Tijsa = (Ijog — 12) - COS By -sin vy - COS
fij46 = fij64 = Iij33 'Smeij :

_ in(2 = 2= . _
fij55 = Iij11 SINTT Yy + Iij22 *COS™ ¥ s fij66 = Iij331 3)

raem V pell, 3] — macca TOoro e OIMOPHOrO Tela, a TAKKE €ro IIaBHbIC

ij ! Iiipp
HEHTpaJIbHBIE (OTHOCHTENBHO oceld Tpudpa 1jCz. Vr €[1, 3]) MOMeHTHI nHEpIHH.
Oxunaxxu MIIIT siBnsitoTes myTeHanpanisgseMbiMi. [103TOMYy, Kak MpaBuiio, €ro
JIMHAMUKY YIO0OHO paccMaTpuBaTh OTHOCUTENBHO ITYTH, MO0 KOTOPOMY OH JBUTAETCH.
Takoit momxo/ obyieryaeT UHTEPIIPETAIMIO PE3YJIbTATOB UCCIIEAOBAHMIA U TIOBBIIIAET
UX MHPOPMATUBHOCTh. B TO e Bpemsi, KOOpAMHATHBIE TPUAJIPHI, COMPOBOXKIAOIINE
KUMKW B JIBOKEHUH M OTCIEKHMBAIOLIME IMOBEPXHOCTb IYTH, SIBJISFOTCS
HEMHEPLHATbHBIMU: UX Hayaja UMEIOT OTIMYHbIE OT HYJIsl aOCOMIOTHBIE YCKOPEHHUS, a
camu oHM Bpamarorca. Urak, muss MIILL, aBwKymierocs mo mnpoOCTPaHCTBEHHOMY
niepesioMy IyTH, BOSHUKAET 33Ja4a JMHAMHUKA OTHOCUTEIBHOTO JIBHKEHHUSI.
VYpaBuenust (1) — tenszopusie. I[loaTomy oHM (HOpPMUHBAPUAHTHBI IO
OTHONIICHUIO K TMpeoOpa3oBaHMUsIM KOOPAMHAT, B KOTOPBIX 3amucaHbl. B

KOOpJMHATAX P Vk €[l 6], onpeensonmmx MOJ0KEHHE TOrO e OIMOPHOrO

TeJla  OTHOCHTEIBHO  HEWHEPIHAIBHOTO  TPHAIpA iQY, Vge [1, 3],

COITPOBOXK/TAOIIETO | -bIif 3KUTaX B €0 JIBH)KEHUU OTHOCUTEIHHO MOBEPXHOCTH
MyTH TOJ] HUM, ABM)KCHHE TeJla MOKET ObITh OMKUCAHO MOJIEINbIO, TOTy9aeMOn U3
(1) moacTanoBKOM

p 585 « o
gj = Py i VB ke[l 6] (4)
Pj
Y YMHOKEHUEM TOJTyUaIOIIUXCS BRIPAKEHUM HA MaTpUIly MpeoOpa3oBaHus
B —_—
TijE = 5_8,’1( VB,x e[l 6]. &)
aPij

AHanornuso (2), MonoXeHue Tena B Tpuyape iQY, Vqe [1, 3] MOXeT OBITh
OIpeIeICHO, HAlIPUMEP, KOOPAUHATAMHU
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pilj = Yijc1» pﬁ = Yiic2» pﬁ = Yiica>
p;}:Vilj:\Vij; p?}:\’ﬁ:eij; pg:V?;ZYij! (6)
rae yijcé,vﬁ. VEe [1,_3] — JICKapTOBbI KoopmuHathl TOukd 1JC B TpHdApe
iQY, Vqe [1,3], a TaKKe SUJIEPOBBI  YIJIBI, ONPEICISAIOMINE  OPUEHTALIUIO

OTHOCHUTENBHO Hero Tpudpa 1jCz, Vr e 1, 3].
Torna u3 (2), (5) u (6) cnenyer, 4To

G; 0 OX; . O
1‘-ijE :{ gq u:| » Sijpg =, Ojv = —\j;
(o 0 yiqu oAV

ijv
VB, x e[l 6]; p,g,vell, 3]. (7)
B TO K€ BpeMH, N3 KHHEMATHUUYCCKHUX COO6pEDK€HPII>i 3aKJIF04acM, 4TO

i =N (VU,XI)VUVWE[l 3], (8)

rae y" Vwell, 3] — siiepoBbl yIibl, ONPEAEISIONE B3AMMHYKO OPHCHTALIO
TpUAAPOB iQY, Vq e[l 3] n OX,Vvpell 3.

MOo>KHO IPUHSITH, HATIPUMED, YTO

*

=V % =600 % =71 )

rae y;,0,,y; — yrisl, ONnpeaemsrone KOHPUTYPAIUIO ITyTH MO | -bIM SKUTIaKeM
MUJIIL
Cuntast myTh CKIEPOHOMHBIM, ITOJIy4aeM

=y (Wg) V9 e[l 3], (10)

rae W, — paccTosHue, NpoiJeHHOe Toukod IQ BIOIL Oocu IMyTH 3a HHTEpBas

HAOJIFOIEHUS NBUKEHIUS TOE3/4.
N3 (4) cnenyer, uto

B 58ﬁ . B -k 1 o
Sij = a " oM :’[in .pij B,KE[]., 6]- (11)
Pj
Torna
g =protl +pr-t) VB, ke[l 6]. (12)

B nocnennux BeIpaxkeHUsIX, Ucxos U3 (95),

d 5‘85 . 0P gb

n

b =

) =pn.——3 P VB, x,nell, 6 13
] dt@p}l‘ plj ap:; ap:} IJK B E[ ] ( )

_-n
_pij.

ij

[Tocne noacranoBku BoipaxkeHuit (11)—(13) B moaens (1), ona npuodpeTaet Bua
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0
IR B s K =N B B Ak YT .AD —
fijaﬁ’(pij “Tiie T Pij * Pij .8 N Tin)"‘ Eiiopy * Tite  Pii *Tiin *Pij = Kijoo

Ya,B,v,k,ne [R] (14)

o

VYMHOXKasi 9T YpaBHEHHUs Ha T, , CO CBEPTKOH MO O, MOJCIb JBIKCHUS

OIOPHOT'0 TeJla OTHOCHTENBHO Tpuazipa i1QY, V(e [1, 3] nonyduaem B Bue

Qi i *+ Tipn 05 05 = Ty ¥ PN €[, 6] (15)
G = Tiop  Tip T
Lo = Tijop  Tip °—:}Tijg + By Tip * Tije " Tijns
T =Ko - Tijp Va,Bv,px,NE [1, 6], (16)
e Qi Lijpns Ljp V PiK,NE [1,6] - KOBAapUAHTHBIA METPUYECKUN TEH30p

paccMaTprBaeMoro Tela, ero TpéxuHaekcHbd cumBoil Kpuctoddens 1-ro pona B
KOOp/IMHATAaX p;} Ve[l 6], a TakKe COOTBETICTBYIOIIME 3THM KOOpPAMHATAM

000O0IIEHHBIE CUJIBL.
B mopenu (15), (16), xak u3BecTHO [7],

0 Gijpe N 0 Gijon B 0 Gijen

I ,=05: ; -
i apij apij api?

v p,k,nell 6]. (17)

Hrak, momemb (15)«(17) omuceiBaeT OTHOCHUTENBHOE JIBHXKEHHE CBOOOIHOTO
OMOpHOTro Tena pacy€tHod cxembl MJIII B HEMHEpUIUMAIBLHOM  TPUBAPE
iQY, Vaelt 3.

Jlo oObemuHEHWs B arperar, SBISFOIIMICS PacdYeéTHOM CXEeMOW Ioe3na,
BXOJAILIME B HEE TeJIla HUYEM HE COCIIMHEHBI, UX JIBIKEHUS HUYEM HE CTECHEHBI U
KOH(Urypamus 5TOH COBOKYITHOCTH B Tpudzapax iQY, Vi e[L, N],qe[l, 3] Moxer

6I>ITI> OIIpPCACIICHA OIIOPHbBIMH KOOpAWHATAMU
EP vBell, 6-H-NJ, (18)

rne H,N — uncno omopHBIX Ten B pacuy€THON CXeMe JKHIa)xa, a TaKKe TaKhX
JKHIAXKEN B TIOE3]IE.

Ilocne comnpspkeHHss B arperar, Ha JBWKEHUs Ten pacy€tHou cxembl MUJIL
HAKJIa/IbIBAIOTCSl OrpaHuueHus], (hOpMaau3yeMble YpaBHEHUSIMU CBS3€H, KOTOPbIE
OyZeM CUMTaTh CKJIIEPOHOMHBIMH FOJIOHOMHBIMHU

&P =" (n*) VBell, 6-H-N], L e[l L], (19)
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rIe nk VAe [ﬁ] L — o00oOmEHHbIE KOOPAWHATHI, MPUHATHIC JJIsI OMUCAHUS

JBIDKCHUS PACCMaTPUBAEMON CUCTEMBI M HIX YHCIIO.
Takum o0Opa3oM, croco0 CONMpsDKEHHUsI Tel B arperar, SBISIOMIMNACS pacy€THOM
cxemoit MJIIT, MmoxeT ObITh oIucaH CTPYKTYpHOIM MaTpuleit [8] atoro arperara

8&_,3

_VBell, 6-HN]Aell L]. (20)

[Tonw3ysick koopauHaTamu (18), TBUKEHHE COBOKYITHOCTH TEJI, BXOMASIINX B
pacuétHyto cxemy MIJIIL, Moxker OBITh OMMCAHO MOJEIBIO, SBIISIFOIICHCS
COBOKYITHOCTBIO ypaBHeHu Buja (15)

by & + By, 8" -€" =U, Va,B,yell, 6-HNJ; (21)

b, = diag{|9, [} B.p, =diag{[l, 0 [} U, = [Tijp]T
Va.B,yell 6-HNJie[l, N];je[l H]; px,nell, 6], (22)
rie  b,;,B.g Va,B,ye[l,6-H-N] — xopapuanTHpiii MeTpuyeckuii TeH30p

COBOKYITHOCTH U €€ TpEXUHICKCHBIN cumBoil Kpucrodderns 1-ro poma B KoopauHaTax
£’ vBell, 6-H-NJ;
U, Vaell 6-H:N] — coorBercTByromue M 0000IIEHHBIE CHITBL

VYpaBaenus (21), kKak ¥ WX COCTaBJSIFOINME — ypaBHeHUs (15), sBIsStOTCS
TeH30pHbIMH. [lo9TOMY OHM (DOpMHUHBapUAHTHBI OTHOCHTEIBHO MpPeoOpa3oBaHUIA
KOOPJIMHAT, B KOTOPBIX 3amucaHbl. To ecTh, MOTYT ObITh (0€3 m3MeHeHHs (POpMBI)

A
npeoOpa3oBaHbl K 3amucd B koopauHatax M~ VA[L L]. s storo (aHamorudso

npeodpazoBannio ypaBHeHuid (1) B mogmens (15)) Bocmoib3dyeMcsi CTPYKTYpHOM
Mmatpurieit (20) pacuétHoit cxembl MJIILI, a Takxke BbIpaKeHUSIMU

gP = o8 VBe[l 6-H-NJ; L e[l L]; (23)
an" w
og o, o°F

EP = Wit VBe[l, 6-H-NJ;A,pnell, L], (24)

+—
on ' onton

HEMOCPE/ICTBEHHO CIIEAYIOIMX U3 ypaBHeHU (19) cBsizeil, HaNOXXEHHBIX HA Tela
sTol cxeMsl. [locne ymHOxkeHus ypaBHenuit (21) Ha maTtpuity (20) (co cBEPTKOI MO
“HeMbIM” HMHJIEKCaM), a TaKKe MOJCTAHOBKM B HHUX COOTHOIIEeHUH (23) u (24),

Monaens aBwkeHns MJIIl B koopamHaTax nk VA[L L], To ecth oTrHOCHTETBHO

HEHHepLUaIbHEIX Tpu3apos 1QY, Vie [1, N1,q €[L 3], nonydaem B Buge

C,, 1" +C, 0" N =Y, YA, u,vell L; (25)

Received: 27.06.2019 Revised: 11.07.2019 Accepted: 15.07.2019
Moctynuaa: 27.06.2019 Ono6pena: 11.07.2019 Ipunsita: 15.07.2019



100 TPAHCHOPTHBIE CUCTEMbI 1 TEXHOJIOI'MH OPUI'MHAJIBHBIE CTATbH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

a o a B - S
%ﬁ%mﬁ-% Va,Bell 6-H-N:pell L] (26)

og' o0& og o ogl

C, =b.- . B
A,uv af 8nk ank anv ank 61’]“ anv a,By
Va,Byell, 6-H-NJ; A,u,v e[l L]; (27)
08" Lel[lL 2
Yx:a —-U, Va,B,ye[l,6-H-N]; L e[L, L], (28)
rae C,,, CMlv Y, VA, ve [H] — KOBAPUAHTHBIA METPUYECKHUI TEH30P PaCUETHON

cxemMoi moe3na, e€ TpéxuHaekcHbld cumBon Kpuctopdens 1-ro poma B
xoopauHaTax M VA €[1, L], a Takke COOTBETCTBYIOMIHE 000OIIEHHbIEC CHITBI.
Amnanoruuno (17),

_05. oc,, . oc,, 0C,

C
e on’  on* on’

Vi, uvell L]. (29)

IToctpoenne monenu (25), (26), (28), (29) TpebyeT UCIONb30BaHMS JIUIIb
ormepanuii MaTpuyHoil anreOpbl. OHU  pealn30BAIUCh NPOTPAMMHO  C
UCIIOJIb30BAHHEM  CHUMBOJBHOTO  KOMIIOHEHTa CHUCTEMBI  KOMIIBIOTEPHOU
marematuki Mathematica. IlosTomMy Takoe MOCTpPOCHHE TPOUCXOTUT B
MOJIHOCTBIO aBTOMAaTHYECKOM PEXHME, MMESI CBOMM HTOTOBBIM PE3YIbTATOM
SABHbIE BBIPAXKECHHUSI BCEX DOJEMEHTOB YKAa3aHHOW MOJEIU (KOTOpbIE HE
PUBOJISATCSA BBUAY IPOMO3IKOCTH). [Ipu aTOM, O1arogaps CHHTETUYHOCTH Y4ETa
(G YHKIIMOHATIBHO-CTPYKTYpHOU opranu3aruu MJII, B mony4eHHBIX ypaBHEHUIX
MOJEJNH €r0 OTHOCUTEIBHOTO ABUKEHUS aBTOMATHYECKH YUYTEHBlI BCE YJIEHBI,
OTpa)KalIle HCTUHHOE JHWHAMHYECKOE CHUJIOBOE PABHOBECHE B CHCTEME.
PaccmoTpeHne nceBAOCHUIl MHEPIUH, KaK 3TO MPEIoiaraercs, Halpumep, Ipu
UCIIONB30BaHUKM METOMUKK ypaBHeHuid Jlarpamka [9-11], npm s3TOM He
TpeOYIOTCS. YpaBHEHHS MOJICIIH, TTOJIy9aeMOM C UCITOIB30BaHUEM TIpeIaracMoi
METOJUKH, CHOBA SIBJISIOTCS TEH30pHbIMU. [loaTOMY, IpY BOBHUKHOBEHUU TaKOM
HaJOOHOCTH, OHH, 0€3 (yHIAMEHTaIbHON TEPECTPONKH, TIPEeoOpa3yeMbI
(corylacHO HM3JI0KEHHOMY AJITOPUTMY) HE TOJIBKO K JF000W WHOW ymOOHOM yist
KaKOT0-TM0O WMCCIEIOBAHUSI CHCTeMe OOOOIMIEHHBIX KOOPAMHAT, HO M K WHOH
CTPYKTyp€ Pacu€THON CXEMBI UCCIIEyeMOTO 00BEKTA.

METOJUKA IOCTPOEHUSA
YIPABJISIEMOM TMHAMUKHN MJITT

JlunaMuka moes3zia, onpesessieMas ero eCTECTBEHHBIMUA BO3MYIICHUSIMU U
omuchiBaeMasi Mojienblo (25), B mojaBistonieM OOJIBIIMHCTBE CIIy4aeB HE
oOyafgaeT kenaTelbHBIMM CBoOMcTBamMu. B CcBOlO ouepeap, 3TU CBOMCTBa
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ONpEAEIAIOT KaYeCTBO ABMKEHHS U MOTYT OBITh IIPEJCTABJICHBI €0 3a/a4aMi, a
3aTeM — B BHJE MNpPOrpaMM — LEIsAMH, Ojarogaps 4Yemy, — CTaHOBSITCS
JOCTYNHBIMUA JUIsl  ucnoyib3oBaHusa. UYtoOer MJIIII coBepman xemaemoe
JBUKEHUE, OMUCHIBAIOIIAS MOJIETb JAOKHA HE NPOTUBOPEUYUTH OOBEKTUBHBIM
3aKOHAM MEXaHMKH U, B TO K€ BpeMs, JOJHKHA ObITh COBMECTHA C IIpOrpaMmMaMu
IUHAMHKH yrpaBiagemor [5]. OmHoBpeMeHHOE COOJIOACHHE O00UX 3THUX
YCIOBUN JOCTHXKUMO JIOOBIM M3MEHEHHEM MOJIENM €CTECTBEHHON JAMHAMHKU,
KOTOpoe jenaeT €€ COBMECTHOM ¢ Takumu mporpammamu. Crnocob
npeoOpa3oBaHus MOJENU NPUHUMUITMAIBHO HE OrPAaHWYEH M ONpeAessercs, B
OCHOBHOM, y/J00OCTBOM HAaTypHOW peajH3allid BJIEKOMBIX UM HM3MEHEHH
UcciaeyeMor cucTeMbl win/u Bo3neiicTBuii Ha He€. Ha mpaktuke HamOonee
pactpoCTpaHEHHBIM SBJISICTCS BBEJACHHE B MOJIEIb JBIDKCHUS aJIUTUBHBIX
YIIPABIISIONINX BO3/ICHCTBHI Ha cuctemy [12].

C 1enp0 KOHKpPETH3allUM PACCMOTPEHMs, TPUMEM OJIUH U3 Haubosee
rubkux u mpuemieMblx s MJIIl cnoco0 HaTypHOW peanu3aliu  ero
KEJIaeMoro JBWKEHUSI — TepMUHaimbHOe Yyrpaienue um [13, 14]. Torma
3alayedl JBIKEHUS TI0€3/7la CUHMTAeTCsl €ro MpUBEACHUE, MO JOCTHXKCHHUH
OPUHIATOW HE3aBUCHUMOW TEPEeMEHHOW 3aJaHHBIX 3HAYEHHH, B alpHOPHO
3aJlaHHYIO0 TIOCJIEIOBATEILHOCTh COCTOSHMI. A Ha TpoCTpaHCTBa (ha30BBIX
KOOpJIMHAT, €CTECTBEHHBIX BO3MYLICHUM U yOPaBICHUWA HaKIAJAbIBAIOTCS
peanbHble orpanmuenus  Q, (t), Q,(t) uw Q,(t) coorBerctBenHo. B

3aBUCUMOCTH OT IIeJel M 3ajlad HMCCJIEIOBAHMS, dTH MHOYXECTBA MOTYT OBITh
pazIuuHO (GU3UIECKH HHTEPIPETUPOBAHBI.

Hcxons u3 moxenu (25) ecrecrBennoi auHamuku MIT MIIIL, B ciydae
TEPMUHAJILHOTO YIIPaBJICHUS MM, MOJECIb YIIPaBIIEMOIO JBIKCHHS JTOM
IIOJICUCTEMBI UMEET BHU/I

X(t) = F[x(t), u(®),w(t),t] vtelt,,0];  x(t)=x,, (30)

rae X(t), u(t), w(t) Vte[t,,0] — BekTOpBI COCTOSIHHS TOICHCTEMBI, a TaKKE

YIIPABISIIOMINX U BO3MYIIAIOIMIUX BO3JACHCTBUN HA HEE;

t — ymoOHas 11 TPOBEJCHHS UCCIIENOBAHUS HE3aBUCHMMAas TEPEMEHHas,
Hanpumep, Bpems;

[t,,6] — uHTEpBaN MOCTPOCHUS IBUKCHHUS,

X, — €ro Ha4aJIbHbIE yCIIOBHUS.

Henp nrxenus noesna GopMainzyemM nporpaMmoit

X(t) = X;, (31)

rae T,X; — 3HAYEHUsS HE3aBUCUMOM INEPEMEHHOW M BeKTOopa cocTossHus MII

MJIII B KOHEYHBId, HaA pacCMaTPUBAEMOM TEPMUHAIBHOM HHTEPBAJIE
YIIPaBIICHUSI, MOMEHT.
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[Tpu 3TOM, Hcxonms W3 (U3MYECKOTO CMBICIA TMpoIecca JBMKCHHS, JTODKHBI
COOJTIOIaTHCI COOTHOIIEHUS

X(t)eQ, (1), u(t)eQ,(t) Vte[t,,t] (32)
1, KpOM€ TOr0, OBITh H3BECTHA HEKOTOPAs allpruopHast HHpOopMaIys
w(t)eQ, (t) Vte[t, ]. (33)

[Iporpamma (31) HakimagpiBaeT OrpaHWYEHUE JIMIIL HAa KOHEYHOE (Ha
uaTepBane [t ,t]) cocrosaue MII noesna. [loaromy monensio (30), coBMeCTHO

¢ ycnoBusamu (31)—(33), ompenensercs aHcamOib (Aa30BBIX TPACKTOPHIA
n300pakarolel TOUKH MOJICUCTEMBI B IPOCTPAHCTBE €€ COCTOSIHUM

X[u(®), wle), X;, X 1= {x[s,u(®), w(e), x;, x; ] € Q,(t):
u(e) e Q, (1), w(e)eQ,(t), te[t,, I}
u(e)={u(t) Vtelt,,tI}; w(e) ={w(t) Vtelt, ]}
X[o,u(®), w(®), x,, ; 1j={x[t, u(®), w(e),x,, x; ] Vt e [t,, I}, (34)

KaXKaasa U3 KOTOPBIX YIOBJIICTBOPACT KPACBbIM YCIIOBUAM
X(ts):Xs’ X(T):Xf ' (35)

Ecnu, momMmuMo yoBIIETBOpEHUS 3TUX YCIOBUM, K IBrkeHUI0 MIT MJIIT He
NpeAbSBISIETCS HUKAKMX WHBIX TpeOOBaHUI, TO OHO CHUHTE3UPYETCS B YHCTO
TEPMUHAIBHON TMOCTAHOBKE, MpEAINoJiararomeid, B 3aBUCUMOCTH OT KOHKPETHBIX
3HaYeHWH BO3MYyIIeHUH (33), BOBMOXKHOCTh peasTU3aIliM JIF00OW TPaeKTOPUHU W3
ancamO:st (34). Takum oOpa3oM, B JaHHOM ClTydae JBHKCHHE OIPEIEICHO JIUIIIb C
TOYHOCTBIO JI0 3TOTO BO3MOXKHOTO aHCAMOJII.

W3 U3105KEHHOTO ClenyeT, 4TO, MPH YHUCTO TEPMHUHAIBHOU MOCTAaHOBKE
3aJlaud TOCTpoeHUs JBWxkeHUA MII moe3na, OTHOCHUTEIBHO €ro KOHKPETHOM
peanu3aiuu UMEETCsl CYIIECTBEHHBIM KOHCTPYKTUBHBIA MPOW3BOJI. OH MOXKET
OBITh WCIIONB30BAH JUIsl TPHUIAHUS DTOMY JABHKCHHUIO JIOTIOJHUTEIBHBIX
MOJIE3HBIX CBOWCTB. Hampumep, ecnmu moTrpeboBaTh, UYTOOBI, TMOMHMO
ynoBneTBopenus yciosuil (32) u (35), Ha peanusyemoii (Ha30BOM TpaeKTOPHUH
MOJICHCTEMBI UMEJI0O MECTO COOTHOIIICHHE

| =inf sup {j Alu(e), w(e)]-dt:
u(®) we)

U(0)eQ, (1), W(s)eQ, (1), telt, T}, (36)

rae | — uHTerpanbHBIN MOKa3aTellb KauecTBa ABUKCHMUS;

A — 3amanHas QYHKIHS CBOUX apTyMEHTOB,

TO 3aJaya CHHTE3a JBWKECHUS HOCUT WIPOBOM MHWHHMAKCHBIA XapakTep,
0a3upyIolUCS HA KOHIIEMIMUA rapaHTUPOBAHHOTO pe3ynbTata [15]. Ilpu sTom
YIOMSIHYTOE JIBIKEHUE TIPUOOPETAET CBOMCTBA, ONTHUMAJIBHBIC IO KpuTepuio |
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a u3 ancamois (34) peanuzyeTcss €IMHCTBEHHAS] TPAEKTOPUS, SKCTpEMaJbHas 110
aroMy Kkputepuro. JIBmwxkenne MII MIIII onpeneneHo OAHO3HAYHO U
rapaHTUPOBAaHHO 00JIAJJAET ONTUMAJIBHOCTBIO B KEJIAEMOM CMBICIIE MPH JIFOOBIX
BO3MOXHBIX BO3MYIIEHHMSIX. Takoil MoaXoj MO3BOISET, B 3aBUCUMOCTH OT
HEO0OXOIUMOCTH, B PA3IMYHBIX 3KCIUTyaTallMOHHBIX PEXUMaX ONTUMU3UPOBATH
TpeOyeMble XapaKTePUCTUKU YKAa3aHHOTO JBH>KECHHUS.

Wtak, myreM KiaccUPUKAUU U MapaMeTpU3aluud OOCTAHOBKH, B KOTOPOM
npoucxoaut aBwxkenue MIT MJIIT [15], a Ttakke moCTpoeHUs JUIST KaxKIOu
TUIIOBOW CHUTyallMd ONTHUMAJILHOTO, B JKEJTAEMOM CMBICIE, YNPABICHUS 3TUM
JBIDKEHHEM, MOXKET OBbITh PEIICHA 3a/ladya ero TepMHHAIBHOTO cuHTe3a [13], To
€CTh — oOpaTHas 3aJaya JUHAMHUKHU TOe3[a B TePMHUHAIbHON moctaHoBke. Ha
PaKTUKE MpHU pa3paboTKe KOHCTPYKTUBHBIX CUCTEM TAKOTO CHHTE3a HEM30EKHO
BO3HUKAaeT MmpodjiemMa HEOOXOJUMOCTH OJHOBPEMEHHOI'O YJOBIIETBOPEHHUS
COBOKYITHOCTH Pa3HOPOJHBIX, 3a4acTyl0 — aHTaroOHUCTUYHBIX, TpPEOOBaHUH,
NPEIBABISEMBIX K KaUE€CTBY CHHTE3UPYEMOTO JIBIKEHUS. PalioHanbHbIN criocoo
€ro ONTHUMM3AIMH, B 3TOM ClIydyae, COCTOMT BO BBEJICHUH BEKTOPHOT'O KPUTEPUS
|, 5IeMEHTBI KOTOPOT0O — YaCTHBIE KPUTEPUH, UHIUIIUPYIOLIUE ONITUMUZUPYEMbIE
napIragbHbIe CBOWCTBA TaKOro IBMkeHus [16, 17].

3AKJIIOUYEHUE

Uccnenosanus qunamuku MJII, mpoBogumbie B pamkax pa3paOOTaHHOU
napagurMbl 1 OCHOBAaHHOM Ha HEW METOIMKHU, KOMIUIEKCHO KOMITbIOTEPU3HPOBAHBI
Ha 0a3e COBPEMEHHBIX CHCTEM KOMITbIOTepHON Martematuku [18-20]. Otm
UCCIICIOBaHMsI 3HAYUTENBHO O0Jiee IBPUCTHYHBI U PECYpPCHO-PKOHOMHYHBI IO
CPaBHEHHIO C TMPOBOJMMBIMU  TpPAJUIMOHHBIMU METOJAaMHU. Pe3ynbrathl,
NOJTy4yaeMble TMpeJiaraéMbIM IMyTeM, KpeaTuBHBI. VX HCIob30BaHME MO3BOJISET
rapaHTUpOBaTh TpeOyeMoe KadeCTBO ABMKEHHUS IMO€3/1a, a TaKKe MPHUIATh eMy
BECbMa BayKHOE CBOWMCTBO rpybocTu. IIpu 3TOM ecnu ynpaBieHHe CHHTE3UPYEMbIM
JIBIDKEHUEM 3aMBIKAe€TCs MO0 OOOOIIEHHBIM YCKOPEHHUSIM CHCTEMBI, TO 3TO
JBIOKCHHE 00pETaeT CBOMCTBO aJIalITUBHOCTH K 00CTaHOBKE. M310KeHHBIC (haKThI
BBISIBISIIOT  1EJIECOOOPA3HOCTh HCIIONIB30BAaHUS TMPEATIAracMbIX MapaJurMbl |
METOJMKU TIpU HcclieoBaHuaX AuHaMuku MIIIL. DTo MO3BOJUT CYIIECTBEHHO
o0JierdaTh MPOIECC U yCOBEPIICHCTBOBATH PE3YIbTAT TAKUX MCCIICTOBAHHA.

ABTOPBI 3asIBJISIIOT YTO:
1. V HuX HET KOH(M)IUKTA HHTEPECOB;
2. HacTosimasi ctaThsi HE COAEPKUT KaKUX-TUOO HMCCIENOBAaHUN C y4acTHUEM
JIOJIeH U dKUBOTHBIX B KaUeCTBE 0ObEKTOB UCCIICIOBAHUIA.
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Py6puka 4. JKOHOMHUKA TPAHCIIOPTA

YK [UDC] 656.025.4
DOI 10.17816/transsyst201952106-117

© C. A. CmupHoOB, O. IO. CmupHOBa

[leTepOyprckuii rocy1apCTBEHHbBIN YHUBEPCUTET MyTe COOOIIEHHUS
Nmnepatopa Anekcanapa |

(Cankr-Ilerepoypr, Poccus)

POJIb TPY30BOI'O MATHUTOJEBUTAIIMOHHOI'O TPAHCIIOPTA
B MUPOBOUM DKOHOMUKE

OobocHoBaHne: B HacTrosnmMil MOMEHT Il OCYIIECTBIICHHSI TPY30BBIX MEPEBO30K
WCIOJIb3YIOTCSl TAKME BUJIbI TPAHCIIOPTA, KAK aBTOMOOWIIbHBIN, BOJIHBIN, JKEJI€3HOI0POKHBIH,
BO3YIUHBIM W TpyOompoBoHb. Kaxaelii BHA Tpy30BOro TpaHCHoOpTa oOnagaeT
cHenu(pUUIEeCKUMH KOHKYPEHTHBIMH IpeUMyIlecTBaMH, oOecneynBaloUuMu Haubosee
pe3yJIbTaTUBHOE €ro MPUMEHEHHE Ha Pa3HbIX ATarax JIOTHUCTUYECKOW Lenu. DKOHOMUYecKas
3(h()EKTUBHOCTh TPY30BBIX TEPEBO30K OKA3bIBACT BIHMSHUE Ha OOIIYyI0 AKOHOMUYECKYIO
3¢ ()EeKTUBHOCTh, B YACTHOCTH, HAa BAJIOBOM BHYTPEHHHH MPOIYKT. AKTYaJbHOW SIBIISICTCS
npo0iemMa KauyecTBa S3KOHOMUYECKOTO POCTa MPUMEHUTENBHO K TPAHCIIOPTHOM OTPAciu U ee
BKJIally B HAlMOHAJIBHYIO SKOHOMHKY, TaK KaK IPU TEKYIIEW OpraHU3aluy B3auMOJCHCTBHUS
BHJIOB TPAHCIIOPTA BBICOKUMHU OCTAOTCS TPAH3AKIUOHHBIE U3/IEPHKKH.

Heab: M3yyeHue BAUSHUSA pa3IMYHBIX BHUJOB I'PY30BOIO TPAHCIOPTA, B TOM YHCIIE
MAarHUTOJIEBUTALIMOHHOTO, HA S3KOHOMUKY U JKOHOMUYECKUN POCT.

Metoabl: Teopernueckne M sMnupuueckue. B cratbe paccMarpuBaeTcsl BIUSHUE
pa3IMYHBIX BUJIOB TPAHCHOPTA, (QYHKIMOHUPYIOIIMX B cdepe Ipy30BbIX IMEPEBO30K, Ha
SKOHOMUKY cTpaHbl. [Ipon3BoauTcs cpaBHEHHE ACHCTBYIOIINX BUOB I'PY30BOT0 TPAHCIOPTA
C MarHUTOJIEBUTAIIMOHHBIM TPAHCIIOPTOM C TOUKH 3PEHHUS MOTydaeMbIX 3PHEKTOB.

PesynabTaThl: MarHuTOJNEBUTAIIMOHHBIM BHJ TpaHCHopTa o0JamaeT HOBBIMU
XapaKTEPUCTUKAMHU W IPEUMYILIECTBAMHM, YTO MO3BOJISIET pAacCMaTpuBaTh €ro Kak
KU3HECTIOCOOHBIH U TO3BOJSIOUINI o0ecreynBaTh MPU €ro BHEAPEHUU KadyeCTBEHHBIH
SKOHOMUYECKUU POCT U PECYPCOOPUEHTUPOBAHHOCTh SKOHOMUKH.

3akaouyenue: HaubGonee >QexkTuBHOE HCHOIB30BAHUE PECYPCOB C IIENBI0 HX
HEYBEJIMYECHHUS] U COKpAIleHUs JOCTUraeTcs IpU BBEICHUM B TPAHCIOPTHYIO CHCTEMY
MAarHUTOJIEBUTALMOHHOTO TPAHCIOPTA, MOCKOJIBKY €r0 SKOHOMUYECKUE XapaKTEPUCTUKH YiKE
ceiiuac MPeBOCXOAAT SKOHOMHUYECKHE XapaKTEPUCTUKU OOJIBIIMHCTBA BUIOB TPAHCIOPTA.
O4eBUIHO, MO MHEHHUIO aBTOPOB, 4YTO IIPU NEPEXOAE K PECYPCHO OPHEHTHPOBAHHOMN
SKOHOMHUKE MarjeB OyaeT OCHOBHBIM BHJOM TPAaHCIOPTa B MEPEBO3Kax Kak Ipy3oB, TakK U
MacCaXXupoB.

Knwoueevie cnoea: BanoBOW BHYTPEHHUH TMPOJYKT, KJIACCHUECKHM MOAXOA K
HSKOHOMHKE TPY30BBIX IEpPEBO30K, 3KOHOMHYECKass 3PPEKTUBHOCTb, MYJIbTUILIUKATHBHbBIE
3pQexTs, agIuTHUBHBIE  3((EKTh,  TPAHCIOPTHO-JIOTUCTHYECKas  WHQPPACTPYKTYpa,
JIOTUCTUYECKHE LIETH, TPAHCTIOPTHBIE pacX0/ibl, MAarHUTHAS JIEBUTALMS, TPY30BOi1 Maries.
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Rubric 4. TRANSPORT ECONOMICS

© S. A. Smirnov, O. Yu. Smirnova
Emperor Alexander | St. Petersburg State Transport University
(Saint Petersburg, Russia)

MAGNETIC LEVITATION CARGO TRANSPORT ROLE
IN WORLD ECONOMY

Background: Currently, the car, water, railway, air and pipe transports are used for
cargo and goods transportation. Each kind of cargo transport has its own specific competitive
advantages that provide its most effective application at various stages of logistics chain. The
economic efficiency of cargo transportation influences the overall economic efficiency, in
particular, the gross domestic product. The quality of economic growth as applied to transport
branch and its input to the national economy is relevant, since with the current organisation of
different transport modes interaction, there are still high transaction costs.

Aim: Study of influence of various modes of transport, including maglev transport, on
the economy and economic growth.

Methods: Theoretical and empirical. The paper considers the influence of various
modes of transport, that operate in the cargo transport sphere, on the country’s economy. The
comparison of existing modes of transport with the maglev transport from the point of view of
desired effects is made.

Results: The maglev transport possesses new properties and advantages, which makes
it possible to view is as viable and able to provide a qualitative economic growth and
resource-based economy if realised.

Conclusion: The most efficient use of resources for the purpose of their non-increase
and reduction is achieved with the introduction of maglev transport into the transport system,
as its economic properties already now excel those of the majority of other types of transport.
It is obvious, as to the experts, that in transition to resource-based economy the maglev
transport will be major transport for both cargo and passenger transit.

Keywords: gross domestic product, classical approach to cargo transportation,
economic efficiency,  multiplicative effect, additive effects, transport and logistics
infrastructure, logistics chains, transport costs, cargo maglev.

BBenenue

MaruuroneBUTallMOHHbIE TPAHCIIOPTHBIE TEXHOJIOTUH 3a TOCJIETHUE TObI
npuoOpeNnu JUisi HAYYHOTO W TEXHHUYECKOTO COOOIIecTBA 0c000€ 3HAYCHHE.
Jluckyccur BOKPYT HHMX HE MPEKpallaloTcs, YTO BBI3BAHO 3HAUMTEIIBHOM
MpopabOTKOW JAHHBIX TEXHOJOTHHA W WX MPAKTHYECKUM NMPUMEHECHHEM B PsIc
rocymapctB mupa (Kutaiickas Hapomnas Pecmybmuka, Pecnmybmuka Kopes,
SAnonust). Pe3ynbTaThl BHEIpPEHUS B TPAHCHOPTHYIO OTpPaACib TEXHOJOTHH,
OCHOBAHHBIX Ha SIBJICHUM MarHUTHOM JIEBUTAIlMU, BAPbUPYIOTCS B 3aBUCUMOCTHU
OT CTPAHOBBIX OCOOCHHOCTEHN U BIUAIOT Ha (YHKIHMOHUPOBAHUE APYTUX BUJIOB
TpaHCIOpPTA.
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B wactosmuit MoMeHT MarneB wucCnonb3yeTrcs TOJIBKO B cdepe
naccakupckux  mepeBo3ok.  Ilepememienue  rpy3oB  oOecreuuBaeTCs
aBTOMOOWJIBHBIM, BOJIHBIM, JKEIIE3HOJOPOKHBIM, BO3IYIIHBIM u
TpyOONpPOBOAHBIM BHAaMU TpaHcmopTa. WHbIe BUIBI TPy30BOr0 TpaHCIOPTa
yTpaTWJIM CBOE 3HaueHUE (HampuMep, T'y>KEBOM) WM HE MOJYYWIH IIHPOKOTO
pacripocTpaHeHusi (HampuMep, KOHBeUMepHbIii). ['py30Bbie MEPEBO3KU MOTYT
HOCHTB KaK MacCOBBIH, TaK U ¢IMHUYHBIN Xapakrep [1, 2, 3].

AHaJIN3

Kaxnplii U3 BUAOB TI'py30BOrO TPAaHCIOPTa UMEET CBOM KOHKYPEHTHbIE
IPEUMYIIECTBA,  KOTOpble  oOecreyuBarOT  Haubojee  pe3ylbTaTUBHOE
MCIOJIb30BaHUE KaXKJIOTO BUJA TPAHCIOPTa Ha Pa3HbIX 3Tanax JIOTMCTHUYECKOU
nenu. Buabl TpaHcmopTa B HEKOTOPBIX CIIy4asX MOTYT 3aMEHSTh JIPYyr Apyra,
KpOME TOTO — WHTErPUPOBATHCS B MYJIbTHUMOJATbHBbIE MEPEBO3KHU, HMEIOIIHE
OY€Hb BBICOKYIO 3 (PEKTUBHOCTE.

Haubonee cyuecTBeHHbIE OCOOEHHOCTH pa3iMYHBIX BUAOB I'PY30BOTO
TpaHcnopTa npencraBieHbl B Tabi. 1. OcHOBHOE pasziuuue MexAy BHIIaMH
Ipy30BOI0O TpaHCIOPTAa 3aKIYaeTcsd B HCHOJIb3YEeMOM HHPPACTPYKTYpE.
NHdpacTpykTypa UrpaeT BaKHYIO POJIb B JOIMCTUYECKUX LENAX U BIMSIET Ha
IKOHOMHKY TPY30BBIX MEpeB030K [4, 5].

Tabnuya 1. Xapakmepnvie ocobeHHoCmu U008 2py308020 MpAHCHOPMA

XapakTepHucTHKa Buj rpysoBoro TpaHcnopTa
rpy30BOro Aemomoouns- . Kenesno- N Tpybonposoo-
Py . Boonwui . Bo3zoywnuuit Pyoonp«
TpaHcHopTa Hblil 00pOIHCHDBLI Hbll
B ocrHoBHOM Crienanm3upoBa
EcrectBennas | Cneumanuzupo
€CTECTBEHHBIE  |HHas
OcobeHHocTH Hoporu o6mero cpena, BaHHas
UH(PACTPYKTYPHI  |TIOIH30BAHHS BOIHbIC NYTH, | HHPACTPYKTYPa TpeOyroTcs nuHppacTpykr
P K TpeOyroTcs , BECOBBIE YLy
a’3pOIOPTHI pa
HOPTHI OrpaHUYEHHs
Mex Mex Mex
Or nmBepu go|Mexny Ay Ay Ay
OcobenHoctu TPY30BBIMHU a’pOTIOPTaMH, | IMYHKTAMH
ZIBEPH, 6e3|mopramuy, ¢
NIEPEBO30YHOTO CTAaHIMAMH, IO | II0 CTPOTOMY BXO/a U
CHENHANBHOTO  [TpaduKOM
porecca CTPOTOMY pacIicaHnIo BBIXO/1a,
pacnucaHus 3ax0/a B TIOPTEHI .
pacIuCcaHNIo HETIPEPbIBHBINA
MMupoxast CranpapTuzup
HOMEKJIaTypa ¢ CraHgapTH3HpOB | OBaHHBIN
OcobeHHOCTH b nap P N bes
pa3nuIHON Bonbmas AQHHBINA TOIBH)KHON
TPAHCTIOPTHBIX . TPaHCTIOPTHBIX
TPYy30I0IbEMHOC | BMECTUMOCTh TO/IBM)KHON COCTaB
CpenCTB ., | cpencTs
TBIO 1 00BEMOM COCTaB OrpaHUIECHHOHN
Tapsl HOMEHKJIATypbl
[upoxkas, [upoxkasi, [upoxkas,
Homenknarypa OrpaHUYEeHa He mveer OrpaHU4YEHa OrpaHUYEHa Kunxue,
TIEPEBO3UMBIX rabapuramu 1 OrpAHYCH rabapuramu u rabaputaMu ¥ | CBITy4dHe
Tpy30B TPYy30IMOIbEMHOC P TPY30MOIBEMHOC | TPY30IOABEMH | TPY3BI, Ta3sl
TBIO TBIO OCTBIO
CornacHo Cornactio
OcobenHoOCTH CB0OOIHBIH rpaduKy ITo
YCIIOBUAM ITorounoe
JIBYDKCHUS rpadux JIBYDKCHUS pacIicaHnio
HaBUTaluu
TI0€3/10B
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XapakTepucTuka Bup rpysosoro tpancnopra
rpy30BOro Aemomoouns- . Kenesno- . Tpyoonpogoo-
Py . Boonwui . Bo3oywinuii pyoonp:
TpaHcnopTa Hblil 00poIICHDLIL HbLil
3aBUCUMOCTb OT
3aBHCHMOCTb OT |3aBHCHMOCTH OT | 3aBHCHUMOCTh
. TIOTO/THBIX U
YcroltunBocTh TODOKHBIX TIOTO/THBIX TIOT OJTHBIX OT TTOTOJTHBIX Beicokas
PO yCIOBHH YCIOBHH YCIIOBHI
YCIIOBUH
Beicokas OTHOCHUTENBHO OTHOCHUTENBHO
BezonacHocTs N Cpennss Beicokas
aBapHIHOCTB BBICOKas! BBICOKasI
. . . Cpenumuii N
Bonbioii 06vem |Cpenunit o6beM |Cpenuuii 00beM PeaL Huzkwii 00bem
DKOJIOTMYHOCTh 00BeM
BHIOPOCOB BHIOPOCOB BHIOpOCOB BBIOPOCOB
BBIOPOCOB
[Ipumepsl Tpy30BOM TPAaHCHOPTHO-JIOTUCTUYECKOW HMHPPACTPYKTYPHI,

MPECTABISAIONICH COO0M TEXHOJOTUUECKUN KOMIUIEKC, MPeIHa3HAYCHHBIN IS
OpraHu3aluy JBWXKEHUS TOBApOB M OKa3aHUS TPAHCIOPTHO-JIOTUCTUYECKUX
yCIIyT, u300pakeHsl Ha Puc. 1.

Puc. 1. ITpumepsl Tpy30BO# TPAaHCTIOPTHO-IOTHCTHYECKOU HHPPACTPYKTYPHI

Konpurypanuro JT0rucTUYeCcKHuX Merne GOpMHUPYIOT BUIBI TPAHCTIOPTHO-
JOTUCTHYECKON HMHQPPACTPYKTYphl, a TakXkKe YCIOBUI M  TpeOOBaHUS
TpaHCTIOPTUPOBKH. Hanbosiee CI0XKHBIMH 3TaniaMu C TOYKU 3PEHUS JOTUCTHKU
SIBIISIETCSI T€, KOTOPBIC KACAIOTCSl PacIpeelieHUs] TPy30B, OCHOBHOW TPaHCIIOPT
IpY 3TOM 3a4acTyl0 HaXOIUTCsS He B (Gokyce BHHUMaHuUsA [6]. D10 oOBsCHsICTCS
HEOOXOIUMOCTBIO JOCTHDKCHHS JIOKaJbHOW oOmepanuoHHOW 3¢ (EKTUBHOCTH,
KOTOpasi TJIABEHCTBYET B KIJIACCHYECKOM IOAXOJE€ K HKOHOMHUKE TPY30BBIX
nepeBo3ok (Puc. 2).

Knaccuuecknii moaxoJ K 9KOHOMHKE TPY30BBIX TEPEBO30K YYHUTHIBACT
OCHOBHBIE IEHTPHI 3aTpaT M pa3nuyHble S(P(EKTh, KOTOpHIC BIUAIOT Ha
TpaHCTIOPTHBIE pacxoAbl. Ih(EeKTh pasneneHsl Ha TPYIINY aJTUTHBHBIX
sbdexToB W Tpymmy — MYIbTUIUIMKATUBHBIX  3(D(eKToB (Puc. 2).
JlomonauTenbHbIe Y)PEKTH KacaroTCs IKCTEHCUBHBIX (DaKTOPOB TPAHCIIOPTHBIX
pacxosoB, KOTOpbHIE TO3BOJSIOT YydllaTh KadecTBO OOCTYKHBAHHS, HO
TpeOytoT JOTIOTTHUTETBHBIX KA TaJIbHBIX BJIOYKCHUH U
AKCILTYaTalIMOHHBIX PACXO0B.
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e A\nnHTHEHBIE 3dderTs

+ TpancnoptaeIe * Bpema

cpencTea TPAHCTIOPTHPORKA

+ Hudppactpyrrvpa * DmenoHe! cHabzeHNa * Uncno nocpegHHEDE

* TpancnopTHEIE HATOTH * Tapudroe paccToanme
* Cpox xpaneHna

. i — \_ Y \_ MyIETHINIHEATHE HBIE
I I athderTn

Puc. 2. DxoHOMHKA T'PY30BBIX TEPEBO3OK

OcHOBHast uaesd 3aKIO4YaeTcss B TOM, YTO CTOMMOCTb TPAHCIOPTHOM
LETIOYKHA SBISIETCS CyMMOM ee »TanoB. Ha cToMMOCTh 3Tama BIMSIOT €ro
OCHOBHBIE XAPAaKTEPUCTUKH. {71 TPaHCIOPTHBIX 3IIEIOHOB 3TO PACCTOSIHUE,
IUTSL CKJIAJICKUX — 3TO CPOK XPAHEHHS.

MynbTUIITUKATUBHBIE d()PEKTH UMEIOT PA3IUYHYIO MPUPOIY U UMEIOT B
KauecTBE OCHOBHOW MPOIEHTHYIO CTaBKY. OTH 3G (eKThl OKa3bIBalOT Ooiiee
CEphE3HOE BIMSHUE HAa CTOMMOCTh KOHEYHOro Ipoaykra. Hampumep,
OIHOMECSIYHAsi TPAHCIIOPTHAas NpOLIEHTHasg craBka coctaBisieT Ao 0,5 % ot
CTOMMOCTH Ipy3a. Ha cienyrommx sranmax pacupeneicHus MOBBIIMIAOTCA KAk
MIPOLICHTHBIE CTaBKH, TaK U HAJIOT Ha 100aBJIECHHYIO CTOMMOCTb, YTO MPUBOIUT K
pOCTYy IIeH Ha KOHEUHYI0 mpoaykiuio. MMeHHO 3T 3(@exThl HaxomsTcs B
LICHTPE BHUMAaHHUs JaHHOI'O UCCIIEIOBAHUS.

Kon¢urypamnust ydyacTHUKOB TpPaHCIIOPTHOTO pHIHKA MpEACTaBICHA Ha
Puc. 3. Tlpu paccmoTpeHnu phIHKA B IIHPOKOM CMBICIIE KOJIMYECTBO YUYaCTHUKOB
OKa3bIBAETCSl 3HAYUTEIILHO OOJBIINM, YEM KOJUYECTBO YYACTHUKOB, KOTOPHIC
BOBJICYEHBI HEIMOCPEICTBEHHO B MEPEBO30YHBIN mpouecc. HeorpemneMbiMu
YYaCTHUKAMU  DBIHKA  TaK¥XKe BBICTYIIAOT rpy300TIIPABUTEIN 151
rPy30I10JIy4aTe.

YYacTHHKM pBIHKA B3aMMOJICUCTBYET MEXIy CO0O0M 1O Bompocam,
KAaCaroMIMMCSl TPAHCTIOPTHO-IOTUCTUYECKOW HHPPACTPYKTYPHI, TMOABUKHOTO
COCTaBa, PECYpPCOB M CHIpbs. PBIHOK perymupyercs HOpPMAaTHBHOW 0a30ii,
KOTOpasi OMpEAeNIIeT €ro Pa3BUTHE U OCOOCHHOCTU BEICHHS OMEpPAMOHHOMN
nestensHOCTH [7, 8].
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Pervampyromue,
HAA30pHLIE OPraHLl
BJIACTH

TpamcooprabIR
PHIHOK

] IIponseoacTEeAAbIe
ObcnyuBanne H P 4

I'pysooTopaBETEIH .
H IPy3000.IvIaTeIH Jlormcraka HoagepKEa H CTPOHTEIbHBIE
= . KOMIAHHH

Kommnarrm mo
oD CITYEHE aHHEO
MIOAEMXHOTO COCTARA

TpaucnopTaBIe
EOMITAHHH

HudpacTpyeryprsie Kommarmm mo
OIEpaLMOHHEIS 0D CITYEHE aHITED
EDMITAHHIA HHGPACTPYETYPEI

JlorHcTHYeCEE IocTapmeEa
LIEHTPEL

JlorHcTHYECKHE
OTIEpal[MOHHEIE
EDMITAHIH

Puc. 3. YyacTHUKH TPaHCTIOPTHOTO PhIHKA

HNuTepecsl onepanmoOHHBIX KOMITAHUWA, C OJHOW CTOPOHBI, U HHTEPECHI
KOMIaHUH 1O OOCTYy)XKHMBAaHUIO, KOMIIAHHU-TIPOM3BOJAUTENCH W KOMITaHHM-
MTOCTABIIUKOB, C APYT'OM CTOPOHBI, SBIISIOTCS MPOTHUBOIOI0KHBIMHU. KOH(IUKTHI
HaOJII0IAF0TCS B CISAYIONINX acleKTax:

— YCTOWYHMBOCTH HH(PACTPYKTYPHI,

— HaJW4ue MOJABUKHOIO COCTaBa;

— KM3HEHHBIN IIMKJ MOABUXKHOTO COCTaBa;
— KayeCTBO PECYPCOB H CHIPbA.

CymecTByeT TakXe OJIMH MOTEHIIUATBHBIA KOH(MIUKT, KOTOPHIH CBSI3aH C
pacuIupeHueM TPAHCIIOPTHO-JIOTUCTHYECKON uHGpacTpykTypsl. Curyammuu,
KOTJla OJIHA W Ta K€ KOMIIAHMs YIPaBIICT MHPPACTPYKTYpOH, 3aHUMACTCS €¢
OOCTy)KMBaHMEM H TaKWM O0Opa3oM MpPUHUMAET Ha ce0s BCe BHYTPCHHHE
KOH(MIUKTBI, HE paccMaTpuBaeTcsi. Bce KOHQIHUKTH SBISIFOTCS TOYKOM
KOMIIPOMHCCA, KOTJa KOMIIAHMM HaxoHsT MpuemiieMblid OamaHc. OcTalibHble
KOMIIAaHMM HE BOBJICYEHBI B MPOLECC W, HECMOTPsS HA MPaBWIA, YYBCTBYIOT
TPaH3AKIMOHHBIE U3JCPKKH.
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CTOoMMOCTh KOHEYHOTO MPOAYKTA OMNPENEISIETCS TPYNION PpPa3IUYHbIX,
CBS3aHHBIX JIPYT C IPYroM, 3aTpar. MyJabTUIUIMKATUBHBIN 3D PEKT mposBIIseTCs
B pOCTE€ CTOMMOCTH KaXJOW IMOCJIEAYIOLIEH CTaguy TPAHCIIOPTHOIO IMpolecca
BCJIEACTBUE POCTAa CTOMMOCTH KaXJ0M U3 MPEABIAYIIUX CTATUN.

Kaxxnplii TpaHCHOpPTHBIM 3IIENOH BKIO4YaeT B ce0s 3arpaThl Ha
pa3nuYHbIe BUIbI OOCITY>KHMBAHHS, B TOM YHUCJIE PEHTA0EIbHOCTh CEPBHCHBIX
koMraHuid. CTOMMOCTh CEPBHCHOIO OOCIIYy)KMBaHUs BKIJIIOYAET 3aTpaThl Ha
ChIPbE M PECYPCHI, BKJIIOYAsi HOPMY BO3BpaTa IPOU3BOAUTEIEU U CTOMMOCTH
TPAHCIIOPTUPOBKH, a TAKKE HOPMY BO3BpAaTa TPAHCIIOPTHBIX KOMITAHUM.

TpancnopTHble pacxoibl, 0€3yCIIOBHO, HE SIBISIIOTCS camMoil OO0NbIION
4acThl0 B CEOECTOMMOCTH KOHEYHOU MPOJYKIMHU, OJTHAKO MOTYT IIPUBECTH K €€
YIAOPOKAHUIO Ha HECKOJIBKO IPOLIEHTOB.

Takum oOpa3zom, Ha NEpBbIA B3I, OMUCaHHAs MpoOjemMa OKa3bIBaeT
HETaTMBHOE BIIMSIHUE HA SKOHOMUKY. HO nanpHENIni aHaiaus MoKas3bplBacT, YTO
CUTYaLMs TOPA30 CIOKHEE.

Ponbs Tpancmopra B BajgoBoM BHyTpeHHem mpoaykre (BBIT) kak
OCHOBHOM I10Ka3aTeJie, XapaKTEepU3YyIOLEM HUTOTOBYKD  CTOMMOCTb  BCEX
OKa3aHHBIX YCIIYT U TPOM3BEICHHON MPOMYKIIUH B CTpaHe, Bhicoka (Puc. 4).

* Map: 6 % * 10 % & cromMocTH * PaseuTHE CTpaHBL

* PasenTHIe CTpaHE: * Veenmuenne 1 gomnap CIIIA -
47% pacxonos Ha 10 % 24 T-EM

» PasemBarommeca CHEDKZeT TOPTOETIO » PasgmEarommecs
crpansr: 6-15 % Ha 20 % crpansr: 1 gonnap

» BrmoueHHEIE Ha * Ilotpetuzer 235 % CIIA -5 11
JIOTHCTHEY SHEpraH

pacxozsl: 7o 25 %
Puc. 4. BBII u rpy30Bble 1epeBO3KH

Jons rpy3onepeBo3ok B BBII moxer gocturate 25 %, TpaHCHIOpPTHBIC
pacxoasl B crtommocth TOoBapoB — 10 %. HemocpenctBeHHO TpaHCTIOPT
noTpebiseT 10 25 % MpPOu3BEICHHOW YHEPTHH.

CymHOCTh  IKOHOMHYECKOTO  pocTa  MpeacTaBilieHa Ha  Puc. 5.
TpaauIHOHHO Y3KOHOMHUYECKUIU pOCT sABisieTcs 3epkaiioM pocta BBIL. 1Ipu atom
B pe3yJibTaTe€ pacue€TOB BHE 3aBUCHUMOCTH OT HCIOJIb3YEMbIX MOJIXOI0B K
noacuery  BBII  (mo  pacxomam, mno  100aBJIE€HHOH  CTOMMOCTHU
(IpOW3BOACTBEHHBIM METOMA), MO pacxojaM) IMOJydaeTrcsi OAUH U TOT Ke
MOKa3aTeb.
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* HanuoHAaTEHEN JOX0X
(sapaborHax mara,
KOpIOPAaTHEHAA NPHOBLTE
HTA)
SKOHOMHGECKHH POCT BBIT TTonoXFTe R ATOr * Anoprasana
* KocseHHEIe HaOTH
. * (-) cybcuzme
* VBemmuerHe * JlenexHas Mepa * Jrobok ToBap. * (-) AOXOZEI HHOCTPAHIER
PEIHOYHOH PEIHOYHOH H
CTOMMOCTH TOEZPOE H CTOHMOCTH ECEX TPOHSEOHTCA HIH
YemyT, KOHEYHEIX TOEZPOE H noTpebuzerca * Iorpebnenne
CKOPPEETHPOBAHHBIX VCayT, ToTpeCHTeNneM AnA * HasecTaman
€ ygeTon HEGTATEE, IPOHSEEEHHEIX B VAORIETEOPEHHH « TocyzapcTEeHHEe
C TEdEHHeM BEpPeMEHH OTIIpeTeeHHOE EPEMA TERymEX pacxogEr
* YCIOEHO HsMepAeTca * Banoeo# MHpPOBOH “"TPGGBDCT‘?-‘} it * UpCTEIH SKCIIOPT
KAK IIPOIEHTHAR JOTL TPOAYET — 370 norpebEOCTEH (3xcmopr — Hiamopr)
POCTa PEATBHOTO COEOKYTIHEIH BaTOBOR * B xoHeTHOM HTOTE
BBII HAHOHATEHBIN IOTpediIAeTcH, a He
TIPOAYET ECEX HCIIONBSYSTCA 1A
TOCYAApCTE MHpPa TIPOHSEOCTEA
ApPYTOIO TOE3pa * Banogas CTOEMOCTE
HPOAYXI{aE
* (-) cTommoCTB
TIPOMERYTOTHOTO
norpetienHs

Puc. 5. OxoHOMUUeCKHit pocT

OkoHoMHueckass A((YEKTHBHOCTh TPY30BBIX IEPEBO30OK OKa3bIBacT
BIIUSIHUE Ha OOIIYI0 SKOHOMUYECKYyI0 3 pektuBHOCTh. OgHaKo HedhPeKTUBHAS
C TOYKH 3pEHUS TPAHCAKIIMOHHBIX H3JEp)KEK cucTteMa BeleT K pocty BBII
(Puc. 6). HecMoTpst Ha TO, 4TO HAOJIIOAAETCS 3aHATOCTh U POCT MOTPEOJICHUS C
TOYKH 3PCHHUS IICH ¥ YBEJIWMYCHUSI MHBECTHUIINI, HETATUBHOW CTOPOHOM SIBIISIETCS
O0onee HU3KOE KA4eCTBO HKOHOMUYECKOTO pOCTa, pPa3jINYHbIA YPOBEHD
3 GEKTUBHOCTH YyUYaCTHUKOB pbiHKa [10].

VpoBeHB KagecTBa SKOHOMHYIECKOTO
pocTa

Poct BBII m3-3a
HHTEpeCcoB
Banoeai CTOHMOCTE

HanponaTeHE JOXOZ, MIPOHSEEASHHOHR POy KITHH

aMOpTHSalHA H KOCEEHHEIS 33 BBRIYETOM CTOMDMOCTH

HAIIOTH NOKA3hIBA0T POCT OPOMERYTOIHOTIO
Torpetmenne u noTpeGiIeHHA MOKASEEAIOT
HHEECTHITHH IIOKASEEBAXT poct

pocT
Puc. 6. Poct BBII n3-3a unTepecoB y4acTHUKOB PbIHKA

BiusiHue MarHMTONIEBUTAIIMOHHOTO TPAHCIIOPTA HAa PBIHOK TPY30BBIX
IIEpEBO30K M, ciaeposarenbHo, Ha BBII cymecrBeHHO oTiMyaercss OT
AHAJOTHYHOTO BJIMSHUS MCIIOJB3YEMbBIX B HACTOSIICE BPEMs BUIOB TPaHCIIOPTa
(Tabu. 2). HM3mepeHue MOJOKHUTEIBHBIX 3(P(PEKTOB, TaKUX KakK KaueCTBO
HSKOHOMHYECKOTO POCTa M MPOMEXKYTOYHOE MOTPEOICHUE, SBISCTCS CIOKHOM
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3agauedt [11]. [lpm 3TOM ypOBEHBb HETaTUBHBIX IOCICACTBUN (COKpalICHHUE
donga omnatel Tpyaa B cdepe OOCTyKUBaHUS, WHBECTHIIMH, aMOPTHU3AIMS,
KOpHOpaTUBHAsE MpUObUIL B OOCIYy)KMBAaHUU M CTPOUTEIBCTBE, MOTpEOICHUE
PECYpPCOB) pacCUYMTHIBACTCS.

Tabnuya 2. Yposensv 63aumooelicmeus onepamopa MazHumoLe8UumayuOHH020 MpaHcnopma ¢
Opy2umMu Y4acmHukamu obecnedenuss OBUNCEHUS NO CPABHEHUI0 C OCMATbHbIMU GUOAMU
2py308020 Mpancnopma

O0bexT / 3aunTepecoBaHHas Oobcnyscusanue no0BUIHCHO20
Oobcayscusanue ungpacmpyxmypol
CTOpPOHA cocmasa

Hdpac TYPHBIC OIICPALITUOHHBIC o MeHblle PUCKOB YPE3BBIYaHBIX
(l)p TPYKTYP pant Bonee BbIcOKas YCTOMYNBOCTH \,p p
KOMITaHUH CUTyallun

MeHnbliiie 00CTyKHBaHHS

TpchnopTHHe KOMIIaHHUHU OnTtuMalbHbIe MapupyTbl
MOJABHUXXHOI'O COCTaBa

HpOI/IBBO)]CTBCHHI)IC " CTPOUTCIILHBIC

MeHbl111e KOHTPaKTOB MeHblie 00CTyKHBaHHS
KOMIIaHUH
KoMnanuu 1o o0ci1y>kuBaHHIO MeHbliie MOBPEXICHNH MOBIIKHOTO

MeHb11e 00CITy>KUBaHUSA

HO/IBUYKHOI'O COCTaBa cocTaBa
Kommanuu 1o o6cmyxuBaHuio .

MeHbl111€ 00CTYKUBAHHS Menbmuii yiiep6 nHppacTpyKType
uH}ppacTyKTypbI
[TocTaBiyku Bonee Hu3kwmii cripoc Bonee Hu3kuii cripoc

Takum o00pa3om, mpoOjieMa KadyeCTBEHHOI'O0 SKOHOMHYECKOTO pPOCTa
NPUMEHUTEIIBHO K TPAHCIIOPTHOW OTpPAacii M €€ BKJIaJy B HAI[MOHAJIBHYIO
PKOHOMHUKY TpeOyeT moucka codeTaHus HaubOonee 3PGEKTUBHBIX BHIOB
TpaHCIIOpTa. OJTO, B CBOK oOdYepelb, TpeOyeT W3MCHCHHUS HBIHCITHEH
HSKOHOMHYECKOW TapaJurMbl Ha PECypCHO-OPUCHTHPOBAHHYIO, B paMKax
KOTOPOW Ha TEpPBBIM IUIaH OyAyT BBIXOAUTH JIOJTOCPOYHBIC HWHTEPECHI,
obOecrieunBaromue OOIIECTBEHHOE IMpoIlBeTaHWe. Mojenb, B KOTOpOH
OTCTaMBAIOTCS KPATKOCPOYHBIC KOPIOPATHUBHBIE MHTEPECHI, HAHOCAIIHE yIIepO
PKOHOMHKE U OOIIECTBY, MIOJDKHA YUTH B IPOILIOE, KaK HEXKU3HECTIOCOOHAS CO
CTpaTeru4eckoit Touku 3penus [12, 13, 14, 15].

3akjaoueHue

O06beM TOTpeOJICHUS PECYpCOB YEIIOBEYECTBOM JIaBHO ITPEBBICHII
BO3MOXHOCTH 3KOCHUCTEMBI K MX BOCIIPOM3BOACTBY. B 3TOI CBsI3M OAHON W3
BAKHEUMIIMX 3aJady TpPaHCHOpPTa U TMPOU3BOJACTBA SBIISIETCS MHUHUMU3AIUSA
MOTPeOICHHST TPUPOIHBIX PECYpPCOB, a TaKKE MUHUMHU3AIUS BO3JCUCTBHUS Ha
OKPYXAIOIIYI0 CPEIy MOCPEACTBOM BBIOPOCOB. DTO TpeOyeT OCYIECTBICHUS
CTPYKTYPHBIX UBMEHEHUU B TPAHCIIOPTHOU CpeJie — BHEAPEHUSI MHHOBAILIMOHHBIX
BUJIOB TPAHCIOPTA.

HeobxonuMocTh  cokpalieHuss MOTpeOJeHUs PecypcoB € IEJNbIO
YCTpaHEHUs BO3HHUKAIOIIMX NPOOJEM B SKOCHCTEMax B IMEPCHEKTHBE OyleT

Received: 25.06.2019 Revised: 07.07.2019 Accepted: 15.07.2019
Moctynuaa: 25.06.2019 Opno6pena: 07.07.2019 Ipunsita: 15.07.2019




115 TPAHCHOPTHBIE CUCTEMbI 1 TEXHOJIOI'MH OPUI'MHAJIBHBIE CTATbH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

HEN30€KHO COCcOOCTBOBATh IIMPOKOMY BHEAPEHUIO MATHUTOJIEBUTAILIMOHHOIO
TpaHCHOpTa, O0JANAIOIIET0 3HAYMMBIMU NPEUMYILIECTBAMU TNEpe]l IPYrUuMU
BHUJIAaMH HE TOJIBKO T'PYy30BOr0, HO M MACCAXUPCKOro TpaHcmnopra. [IockoybKy
DKOHOMHYECKHE XapaKTepUCTHUKM MariieBa, B TOM YHCIIE€ TOrO, KOTOPBIM YK€
(GYHKIMOHUPYET B HECKOJIBKUX TOCyJapcTBaX MHpa, M TOro, TEXHUKO-
TEXHOJOTUYECKUE MapaMeTPbl KOTOPOr0 HAXOJATCA B CTaAUM pa3pabOTKHU, yKe
celyac MpeBOCXOAAT SKOHOMHMUYECKHE XapaKTEPUCTHUKU OOJBUIMHCTBA BUIOB
TPaHCIIOPTa, MOYKHO yTBEpPXKAaTh, YTO IMpPU TNEPEXOJE K PECypCcHO-
OPUEHTUPOBAHHOW HSKOHOMHUKE MArHUTOJIEBUTALIMOHHBIA TpaHCIOPT OyJleT
OCHOBHBIM BHJIOM TPaHCIIOPTa B MEPEBO3KaX KAK I'PY30B, TaK U MMACCAKUPOB.

BJATOJAPHOCTHU

PaGora BeImonHeHa mnpu noaaepxkke HayuHo-oOpa3oBaTeinbHOTO
WH)XEHEPHOTO Kiactepa «Poccuiickuii Mariesy.

ABTOpBI 3asIBJISIIOT, YTO:

1. V HuX HET KOH(MIUKTA UHTEPECOB;

2. Hacrosimiast craThs HE COAEPKUT KaKUX-JIMOO HCCIENOBaHUM ¢
y4acTHEM JIF0JIel B KaUeCTBE 0ObEKTOB UCCIIEJOBAHUM.
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© 4. B. CokomoBa

[leTepOyprckuii rocy1apCTBEHHbBIN YHUBEPCUTET MyTe COOOIIEHHUS
Nmneparopa Anekcanapa |

(Cankr-IlerepOypr, Poccus)

OB OLIEHKE BJIMSIHUS PE3YJIBTATOB HHHOBAIIMOHHOM
JAEATEJIBHOCTHU HA HAIIMOHAJIBHY IO DKOHOMMKY

O06ocHoBanme: Pazputue Hayku B Poccun ceroqHst ocTpo HyKJaeTcs B KOMIIJIEKCHOM
rocyaapcTBeHHON mojepxkke. DyHIamMeHTaNbHBIE HCCIAEAOBAHUS CO3MAIOT OCHOBBI IS
JeTAIM3aIM WHHOBAIMOHHBIX HICH W Yepe3 MPUKIAIHBIC UCCIeA0BaHUS TPHOIMKAIOT X K
pazpaboTkaM u BHeapeHH0. OO0ecrneunTh YCTOMYMBOCTH IKOHOMHKH CTPaHbl BO3MOKHO
TOJBLKO TIPH YCJIIOBUU BJIOYKEHUM PECYPCOB B aKTyalbHBIC HAYIHBIC UCCIIEIOBAHUSI.

B cnoxuBmmxcs ycloBHSX OCOOYIO aKTyallbHOCTH TpHOOpeTaeT paspaboTka
WHCTPYMEHTOB OIIEHKH JOTIOJHUTENBHBIX 3(P(PEKTOB OT OCYIIECTBICHUS PacXoJ0B Ha
nHHOBanroHHoe pa3surtue (UP).

Heab: OueHka BIMSHUA HAa HATMOHAJIBHYIO SKOHOMUKY pacxogoB Ha P komnaHuid.

Metoapbi: [lonck u ananus

1. BapuaHTOB OlEHKM HMeIelHcs UWHQOpPMAaMU O pe3ynbTarax HayYHBIX
UCClIeIOBaHUM (KaK 3amaTeHTOBAaHHBIX, TaK W HE HMeEIIUX O(QUIHUAIBHOTO CcTaryca
3apEeTUCTPUPOBAHHON MHTEIUICKTYaJIbHOW COOCTBEHHOCTH ),

2. crnoco0oB MONy4YeHUS AKOHOMHUYECKOM BBITOJbI OT OOJaJaHus pe3yabTaTaMH
HAy4YHBIX MCCJIEIOBAHUN IMPU OTCYTCTBUU BO3MOKHOCTH BHEAPEHUS HMX B JESITEIHHOCTD
KOMITaHUU WK TIPOJAXKH.

Jlyis OlleHKM BIMSHUS HAa HAllMOHAJIBbHYIO SKOHOMHUKY pacxojoB Ha UP npeanaraercs
HCIIOJIb30BaTh MMOKA3aTEe b MHHOBAITMOHHOW MOICPKKH HAIIMOHATBbHOHM 3koHOMUKH (MITHD).

Pe3yabrartsl: [Ipennoxen anroputm pacuera nokaszarens UITHD. PeneBanTHbiMuU 11t
pacuera mpeJularaeTcs IMPU3HABATh PACXOAbl KOMIIAHUU-PE3UACHTA, CaMOCTOSITEHFHO
BeIylieil pa3pabOTKU WU C MPHUBJICUEHUEM OTEUECTBEHHOTO CEKTOpa IeHepaluu 3HaHWA U
BBICIIIETO 00pa30BaHUS:

—  Ha BBIIUIATY 3apa0OTHOM TIATHI C YYETOM CTPAXOBBIX B3HOCOB;

—  Ha 3aKynky o00pyAOBaHMs U MaTEPHUAJIOB OTEYECTBEHHOTO IPOU3BOCTBA;

—  Ha omiary paboT, YCIyT CTOPOHHUX OpraHHU3aI[fii.

Bce ocTtanbHbIe pacxo/ibl Ha TJAaHHOM JdTarie MpeaiaraeTcsl CUnTaTh HEPEIeBAHTHBIMHU.

[Tokazarens MOXeT ObITh pacCUMTaH AJIs JTF0O0H KOMIIAaHUHU-PE3UICHTa HE3aBUCHMO OT
BH/JIA ICATEIHHOCTH U HAMPABICHHOCTH HAYYHBIX UCCIIe0BaHul B 1ensx 1P.

3akarodenue: JIg KOMIaHWI, OCYIIECTBISIONIUX 3HAUMTENbHBIE BJIOXKEHUS B
HayYHO-TEXHHUYECKOEe, MHHOBAIIMOHHOE pa3BUTHE, yBenuueHue mnokazarens WMITHD moxer
CTaTh JOMOJIHUTENBHBIM CTUMYJIOM (TPH Mepax TOCYJapCTBEHHOW MOAJEPKKH), TMO3BOJHT
oOpaTHTh BHUMAaHWE HA CYNIECTBYIOIIUNA TMOTEHIIMAT POCCHICKOW HAYKH, COXPAaHHUTh U
MPUYMHOKHUTh KOJMYECTBO HAYyYHBIX IIKOJ, MOJEPKUBATh BBICOKOE KaYeCTBO pa3padoToK,
WX PE3yIbTaTUBHOCTD.

Knrouesvie cnoea: WVHHOBAalMOHHOE pa3BuUTHE, oleHKa pe3ynbraroB HHWOKP,
[I0Ka3aTellb MHHOBALMOHHOMU IO JICPKKY HALIMOHATIbLHON S3KOHOMUKHU
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Rubric 4. TRANSPORT ECONOMICS

© la. V. Sokolova
Emperor Alexander | St. Petersburg State Transport University
(St. Petersburg, Russia)

ON ASSESSMENT OF INFLUENCE OF INNOVATION ACTIVITIES
RESULTS ON THE NATIONAL ECONOMY

Background: Development of Science in Russia is currently in urgent need of a
thorough support from the state. Fundamental researches create ground for detalisation of
innovative ideas and bring them closer through applied research to their developments and
implementation. Ensuring sustainability of the country’s economy is possible only through
contributing resources to researches of immediate relevance.

Under existing conditions, special relevance is acquired by development of tools for
assessment of additional effects of financing innovative development.

Aim: The purpose of this study is to assess the impact on the national economy of the
costs on innovative development of companies.

Methods: Search for and analysis of:

1. options of assessment of available information about results of scientific researches
(both patented and those that are not officially registered as intellectual property);

2. ways of deriving economic benefit from owning scientific researches’ results with
absence of opportunity for their introduction into a company’s activity or for selling.

To assess the influence of expenses for innovative development on the national
economy, the index of innovation support for the national economy (ISNE) is suggested to be
used.

Results: The algorithm for calculation of ISNE is presented. It is suggested to
consider relevant for calculation those expenses of the companies, that work on development
independently or with the help of national knowledge generation sector and higher education.
These expenses are for:

— salaries, considering premium;

— procurement of national equipment and materials;

— paying for work carried out and services rendered by contracted companies.

All other expenses at this stage are suggested to be deemed as irrelevant.

The factor can be calculated for each company-resident, irrespective of type of activity
and field of scientific researches for ID purposes.

Conclusion: For companies that investing considerably in scientific and technical,
innovative development, the increase of ISNE can be an additional incentive (with
governmental support), will help in drawing attention to existing potential of the Russian
science, save and multiply number of scientific schools, maintain high quality of scientific
development and their effectiveness.

Keywords: innovative development, assessment of results of scientific research and
engineering activities, index of innovation support for the national economy
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BBEJIEHUE

B  ycnoBusx BHEMIHMX W  BHYTPEHHHX  KPU3HCHBIX  SIBJICHUH
HEOOXOAMMOCTh  OINEPEKAIONIETO POCTa, KAYECTBEHHOTO HIKOHOMUYECKOTO
pa3BuTusa mpuodperaer ocoboe 3HaueHue. OOecneyuTh YCTOMUUBOCTH H
pa3BUTHE DKOHOMHKHA CTPaHBI BO3MOXKHO TOJIBKO TPU YCJIOBHH BIIOKCHHM
pPECYpCOB B aKTyallbHbIE HAYYHBIE HCCIIETOBAHUSI.

Poccuss mo obmiemy oObeMy (uHaHCUpOBaHHS Hayku (MO MapUTETY
MIOKYTIATeIbHON CIOCOOHOCTH) 3aHUMAET ¢ TMokazateneMm $ 47,2 miupn aessitoe
mecto B mupe, ycrynas CLIA ($ 543,2 mupn), Kuraro ($ 496,0 mnpx), Anonnn
($ 170,9 mapn), I'epmanuu ($ 131,2 mupn), Peciyonuke Kopest ($ 59,9 mupn),
O®panmuu ($ 67,7 mapn), Benmukoopurtanuu ($ 49,3 mupa) u Uaaum ($ 47,2
mipna ) [1].

BaxHO# sBIIsSIETCS HE TOJIBKO JICKJIApanus HEOOXOIUMOCTH peaTu3aluy
HAyYHO-TEXHUYECKOTO TOTCHIMAjda, HO H oOecleueHue TMOACPKKH Ha
rOCY/JIapCTBEHHOM YpPOBHE TIOCPEACTBOM (DMHAHCHpPOBaHUS M3 OMOJKETA,
pa3pabOTKK KOMILJIEKCa MEp IO CTUMYJIMPOBAHUIO KOMITAHUH K TPOBECHUIO
HUOKP coOCTBECHHBIMH CHJIAaMU WJIU C MPHUBIICYCHUEM CICIIUATU3UPOBAHHBIX
Hay4yHbIX yupexaeHuil. Kpome toro, ocoboe 3HaueHHEe MMEET KaueCTBEHHBIN
ypPOBEHb MTPOBOJIUMBIX HCCIIEIOBAaHUH, HAIIEJICHHBIX Ha MOJy4YeHUE KOHKPETHOTO
pe3ynbTata, CrocOOHOr0 BHECTH CYIIECTBEHHBIN BKIJIaJl B YCKOPEHHE BBIBOJA
POCCHICKOM SKOHOMMKHM W3 CTaJUM CTarHald, B KOTOpPOW OHA, COTJIacHO
noknany Ha MOCKOBCKOM akaJeMHU4ecKoM 3koHoMuueckoM ¢opyme (MADD-
2109) A. I'. Aran6ersiHa, naxoaures ¢ 2013 roga [2].

Ceronns HEJI00IEHUBAIOTCS MOCJIE/ICTBUS CYIIIECTBYIOIEH
pa3pylIUTEILHON TEHICHIIMM YTPAaThl HAYYHBIX IIKOJI, COXpAHEHNE U Pa3BUTHE
KOTOPBIX, KaK MEXaHW3Ma CO3[aHUs W PACIpPOCTpaHEHUS 3HAHUMU, SBISETCS
BRXHEHIINM YCJIOBHEM OOECTI€YeHHUS BBICOKOTO KadyecTBa U TIyOWHBI
MPOBOJUMBIX HMCCJICIOBAHWN, TOBBIIICHUS WX PE3yJbTaTUBHOCTH Yepes
BHEJIPEHUE ¥ KOMMEPIIMATU3AIIHIO.

dyHIaMeHTaIbHbIE HCCIEIOBAHUS CO3JAI0T OCHOBBI, MPEATOCHUIKU IS
JeTAU3allil WHHOBAIlMOHHBIX MW W dYepe3 MPHUKIAAHBbIC HCCICTOBAHUS
MpUOIMKAIOT UX K Pa3paboTKaM W BHEIPEHUIO.

OmHoit W3 TeNe JaHHOTO WCCJICIOBAaHMS SBJISETCS TPHUBJICUYCHHE
BHUMaHHUSI K OCTpPOM HEOOXOAMMOCTH KOMIUIEKCHOM TrOCYJapCTBEHHOU
MOIJIEPYKKH HAYYHO-TEXHUUYECKHUX Pa3paboOToOK.

MeTtoasbl

Ha ceropnsimHuii neHb KOMIIAHWM, BeAyllHE pa3pabOTKU B LEIAX
pa3BUTHA CBOEM  JIESITENIBHOCTH, TMOBBINIEHUSI KOHKYPEHTOCIOCOOHOCTH,
YBEIIMYEHUSI WM yJIepXKaHUSI JIOAM pBIHKA, BBIXOJIA Ha HOBBIE PBHIHKH,
cTpemsiluecss K MHHOBalMOHHOMY pa3Butuio (MP), crankuBaroTcst ¢ 3amaueit
o1ieHKH 3(P(HEKTUBHOCTH PAacX0/I0B Ha TaKUE pa3padOTKH.
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TonkoBbiid cioBapp C.H. OxeroBa ompeaenser pa3BUTHE KaK MPOLECC
3aKOHOMEPHOTO M3MEHEHUs, Nepexo/ia U3 OJHOTO COCTOSHUS B Jpyroe, Oolee
COBEPILIECHHOE; MEPEXO0JI OT CTAPOro KA4eCTBEHHOI'O COCTOSHUS K HOBOMY, OT
IIPOCTOrO K CJI0KHOMY, OT HU3LIETO K BbIcIIeMY [3].

[Ipy WHHOBAIMOHHOM pPa3BUTHUU JOMUHUPYET CTPEMIICHHE YCKOPHUTb,
MHTEHCU(HUIIUPOBATH MEPEXOAHBIN MpolIecC.

B TonkoBoMm croBape «lHHOBaMOHHAasA JAEATENBHOCTH» Tmox UWP
MMOHUMAETCs TpeoOpa3oBaHue BceX chep IKOHOMUKH U COIMATBHON CUCTEMBI Ha
OCHOBE HAYYHO-TEXHUYECKUX JOCTHXKECHUH [4].

HaydHO-TeXHUYECKUI MPOTrpecc WUrpaeT BaXKHEWIIYIO POJIb B PEIICHUU
3HAYUMBIX COLUAIBHO-DPKOHOMUYECKUX 3a]a4, TAKUX, KaK yJIYUYIICHHE YCIOBUU
TpyJa, CHW)XEHHUE HArpy3kd Ha OKpPYXKAIOIIYIO Cpely, MOBBIIIEHHWE YpPOBHA
KU3HU HACEJIEHUS, U HEOTJEIUM OT JOCTHUXKEHHM, MOJIYy4YaeMbIX B PE3yJIbTaTe
WHHOBAIlUOHHOM JE€SATEIHbHOCTH.

OCHOBHBIMH TIOKA3aTEISIMU WHHOBAIIMOHHOW JICSITEIIBHOCTH TIO JaHHBIM
Poccrara aBnsitoTcs:

— WHHOBAIIMOHHAsI aKTUBHOCThH OpTraHU3alINT;

— YICJIbHBIA BEC OpraHu3alMii, OCYIIECTBIAIOUIUX TEXHOJIOTHUYECKUE
MHHOBAIIUH, B OOIIEM YHCIIe OIICHUBAEMbIX KOMITAHHIA;

— JlaHHbIE 00 OTIPY>KEHHBIX TOBapax COOCTBEHHOTO MPOU3BOJICTBA, B TOM
Yyclie MTHHOBAIIMOHHBIX TOBapOB, paboT, yCIyT;

— 3aTpaThl Ha TEXHOJOTHYECKNE NHHOBAIUY;

— yACNbHBIA BeC 3aTpaT Ha TEXHOJIOTMYECKME WHHOBAIIMM B OOIIEM
o0BeMe OTTPYKEHHBIX TOBAPOB, BHIMOJIHEHHBIX padOT, YCIYT;

— YIENbHBIA  BEC  OpraHu3aluMid, OCYIIECTBISIOMIMNX  HWHHOBALUU
(opraHM3anMoHHbIC, MApPKETHHTOBBIE, HKOJOTHYECKHE), B O0OIIeM ducie
OLICHHBAaEMBIX opraumsaruii’ [5].

PoccTaToM exerogHo mpoBOaUTCS padoTa MO CUCTEMATU3aIuU JIAHHBIX O
HayKe, MHHOBalMsIX, (POpMHUPOBAHUIO TIoKa3zarenel 3(peKTUBHOCTH YKOHOMHUKHU
Poccun, BKIIOYAKOMIMX WHAEKC IMPOU3BOAUTENBHOCTH TpyAa MO OCHOBHBIM
oTpacisiM dJKOHOMUKM u cyObektam Poccuiickoit ®expepanuu, OO
BBICOKOTEXHOJIOTUYHBIX U HAYKOEMKHUX oTpacier s3koHoMuku B BBII u BPIL u
IpyTHe.

Exxeromno coOupatorcss gaHHbie 00 opraHu3anusax (KOJIHMYeCcTBO, THII,
CEKTOp AESATEIbHOCTH ), BEIOJIHUBIINX HAYYHbIE UCCIIEIOBAHUS U Pa3pabOTKH, O
YUCJIEHHOCTH 3aHSATOIO B HCCIIEIOBAHMSIX MEepcoHana, (GMHAHCUPOBAHUU HAYKHU
13 cpeacTB (demepanbHOro OrOPKETa, BHIaX M 00beMaxX BHYTPCHHHUX 3aTparax,
pacnpeneneHHblx 1Mo cyOpektam  Poccuiickoit  ®enepanuu, — BUAaM
AKOHOMUYECKON JeATeNbHOCTH, MPUOPUTETHBIM HAMPaBICHUSM U COLMAIBHO-
SKOHOMUYECKUM LEIISIM.

! Ilo JaHHbIM FOZ[OBOﬁ (l)OpMLI (l)e,[[epaJ'IBHOFO CTaTUCTUYCCKOI'O Ha6J'IIOZ[€HI/I$I Ne 4-I/IHHOBaI_II/I$[
<<CB€Z[€HI/I$I 00 HHHOBaHHOHHOﬁ ACATCIIbHOCTH OpTraHU3allin»).

Received: 15.06.2019 Revised: 13.07.2019 Accepted: 15.07.2019
Moctynuaa: 15.06.2019 Ono6pena: 13.07.2019 Ipunsita: 15.07.2019



TPAHCHOPTHBIE CUCTEMbBI U TEXHOJIOI'MH
TRANSPORTATION SYSTEMS AND TECHNOLOGY

OPUI'MHAJIBHBIE CTATbH
ORIGINAL STUDIES

122

I[To pmamneiMm Poccrata 3a 2017 rox WHHOBAaMOHHAs AaKTHBHOCTh
opraHu3auui ouneHuBaercs B 8,5 %, IpU 3TOM YAENIbHBIM BEC OpraHU3alUu,
OCYIIECTBIISIIONIMX TEXHOJOTMYeCKUe HHHOBauuu, — 7,5 % B oOlieM uucie

00ce10BaHHBIX OpraHU3aLuil.

Tabauya 1. 3ampamer na nayunvie ucciedosanust u pazpabomku no Poccuiickoti @edepayuu [5]

| 2000 | 2005 | 2010 | 2015 | 2016 | 2017
BHyTpeHHHe TeKYyIlIHe 3aTPaThl HA HAYYHbIE UCCIeI0BAHUS U Pa3padoTKH 10 BUAAM
3arpat no Poccuiickoii @enepanuu, MJH. pyo.
Buyrpennue Texymue
S4TPaTbI Ha HayHHbIe 73873,3 | 221119,5 | 489450,8 | 854288,0 | 873778,7 | 950257,0
HUCCIICO0OBaAHUA 1N
pa3pabOTKH — BCETO
B TOM 4YHUCJIC 10 BUIaM
3aTpar:
oriara Tpyjaa 27762,7 | 94274,4 | 241472,2 | 398143,7 | 402793,5 | 437788,8
CTpaxOBbIC B3HOCHI HAa
OIIC, OMC, OCC 10419,2 | 22597,4 | 47904,6 | 104167,6 | 105441,3 | 114318,8
mpHOOpeTerHe 3433,4| 99362 | 18067,7 | 28480,2| 24412,2| 21750,6
000pyI0BaHUS
FIPYTHE MATCPUAIBHBIC | 17470 9 | 51304,4 | 89279,0 | 157810,4 | 174467,8 | 186670,1
3aTpaThl
MPOTHE TEKYIIHE 14787,2 | 43007,1| 92727,3 | 165686,1 | 166663,9 | 189728,6
3aTpaThl
DUHAHCHPOBAHNME HAYKH U3 CPeACTB (perepajbHOro Gro1uKeTa”, MUIH. pYyoO.
Pacxonrel Ha
TPAIVIATCIYIO HAYIY 131 17306,4 | 76909,3 | 237644,0 | 439392,8 | 402722,3 | 377882,2
cpenctB demepanbHOTO
OrorKera
B nporienrax:
K pacxoiam 1,69 2,19 2,35 2,81 2,45 2,30
(dhenepanpHOTrO OMOKETA
K BATOBOMY 0,24 0,36 0,51 0,53 0,47 0,41
BHYTPEHHEMY TPOJIYKTY
PacuerHbIe mOKa3aTean

Jlonst huHAHCUPOBAHHUS
TORYILUX 3aTpat fa 23,6 36,5 47,7 51,5 46,1 39,8
HayKy 13 (eaepasbHOro
oromxkera, %
JlnHaMuKa exeroTHOro
HU3MEHEHUS BHYTPEHHHUX 118 106 107 102 109
TEKyILUX 3aTpaT Ha ' ' ’ ' ’
HayKy, Ko3g.
Y 2000-2006 rr. — B coOOTBETCTBHH C [Tpunoxenuem 2 x ¢enepanbHpiM 3akoHaMm «OO0
ucnonHeHuu  (enepanpHoro  Owmxketay; 2007-2017 rr. or4er 00 HUCHOJHEHUU

KOHCOJIUUpOBaHHOTO Oro/pkera Poccwiickoit @enepannu U OIOIKETOB TOCYIAPCTBEHHBIX
BHEOIOKeTHRIX (oHAOB (1m0 maHHbIM DenepansHoro KasHaueiicTBa; Ha 1 sHBaps roja,
CJIEIYIOLIETO 33 OTUYETHBIM MEPUOJIOM).
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B nmenom 3a 2017 ron BHYTpEHHME TEKylIue 3aTpaTbl Ha Hay4HbIC
UCCJEIOBaHU W pa3padOTKU B CTpaHe, BKJIOYas (PUHAHCUPYEMBIE H3-3a
py0Oexa, HO HCKJIIOYas BBIIUIATHI, CHAEJAaHHbIE 3a pyOekKoM, COCTaBHIH
950 257 mapna. py6., u3 HUX Ha (QyHIAMEHTAIbHBIC UCCIEIOBAHUS HAIPaBICHO
14,9 %, na npuknagusie — 18,1 %, na pazpabotku — 67,0 %.

N3 cpenctB penepanbHoro Orwomxera GUHAHCUPOBAHUE HAYKH COCTaBUIIO
39,8% OT 0o0LIMX BHYTPEHHUX TEKYIIHMX 3aTPaT, KOTOPbIE PACIpPEAEIISIOTCS IO
OCHOBHBIM BHJIaM: oIulaTa Tpyna, crpaxoBble B3HOChl Ha OIIC, OMC, OOC,
npuoOpeTeHne o0OpyAOBaHUS, IPYrMe MaTepuaibHble 3aTpaThl M IPOUYUE
TEKYIINE 3aTPAThl.

JlanHble 3a ocNeHUE ro/bl, NpuBeaeHHbIe B Tabn. 1, CBUAETENbCTBYIOT
O MOCTOSSHHOM YBEJIMYEHUH pa3MepoB (MHAHCUPOBaHUS, 00 U3MEHEHHH JO0JIU
(uHAHCUPOBAHUS HAyYHBIX HCCIENOBaHUN M pa3paboToOK U3 (eneparbHOro
Oromkera. B ycnoBusiX ~— BHYTPUCTPAHOBBIX  KPHU3UCHBIX  SIBJICHHIA,
npoucxoauBux B 2000 roxy, pa3Mep IaHHOTO NOKa3aTeNsl UMENI MUHUMAIbHOE
3HaueHue — 23,5 % BHYTPEHHHUX TEKYILIUX 3aTpaT, MakcuMainbHoe — B 2013 rogy
— 64,9 %.

CyuiecTByroniyie Ha CEroJHSAIIHUN JeHb pa3Mepbl (PUHAHCHUPOBAHUSA
HAyYHO-TEXHUYECKUX PabOT HE MO3BOJISAIOT 00€CTIEUUTh MPOPHIB, HEOOXOAUMBIN
IU1s1 BBIBOJA SKOHOMUKH Poccuu U3 cTarHaiuu JUisi HOCJIEAYIOIIETO POCTa.

ITo mannem nokmaaa C.FO. I'ma3sbeBa, npeacrtaBieHHoro B 2019 rony Ha
MOCKOBCKOM akKaJieMH4YeCKOM dKoHOMHUYeckoM ¢opyme (MADD-2019), mo
MEXIYHAPOJHOM OLIEHKE OTHOUIEHWS BHYTPEHHHUX 3aTpaT Ha HMCCIEIOBaHUS U
pazpabotkn B Poccum u  ctpanax  OpraHuzanud  9KOHOMHYECKOTO
coTpyaHu4ecTBa U pa3Butus B nponeHTtax BBII Poccusa 3anumaer 21 mecto ¢
nokazarenem 1,12 %, mepBoe mecto 3aHumaeT M3pawmib ¢ mokasarenem 4,38 %
[1].

N3pamibckuii ONMBIT KOMMEPUYECKON peain3allid Hay4HBIX pa3paboToK
JIOCTOMH 0COOOr0 BHUMAHUS.

KomriekcHblli moaxon K pa3sBUTHIO MHHOBauMi B M3paune mo3Bowi
3aHATH OJIHO M3 IMEPBBIX MECT B MHUPE MO MPUBIEKATEIBHOCTH IS
OCYILIECTBJICHMSI pa3paboTOK, CTapTaINoOB, IPOEKTOB HA CTAJAUH POCTA.

Ceronus kaxkJas naTasi KOMIaHUsI BBICOKUX TEXHOJOTHUM, KOTUPYIOIIAACS
Ha Heto-Mopkckoii 6upixe NASDAQ — n3pamiibekas MM ObIBIIAS H3PAMITbCKAS
¢upma. Ha NASDAQ kotupyercs Oomibllie W3pamIbCKUX KOMIIAHUHN, 9YeM BCEX
€BPOIEUCKHUX, BMECTE B3SATHIX [6].

[lo sKCnepTHBIM OLIEHKaM YpPOBEHb BHEAPEHUS PE3YJIbTATOB HAYYHBIX
pa3pabotok B M3pawnne nocturaer 25 % [7].

[Tonryyenue no1o0HON oLeHKH B Poccun He MpeAcTaBIIsieTCcsl BO3MOXKHBIM
M3-32 OTCYTCTBHUS PEJICBAHTHBIX MCXOJHBIX JaHHBIX, 0 MHEHUSM HEKOTOPBIX
CHELUAIHMCTOB 3TOT IM0KA3aTeNb OJM30K K HYIIO.
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PE3YJIBTATBI U OBCYXIEHUE

B Pexomennpanusx mo pazpaboTke mporpaMM HHHOBAIMOHHOTO Pa3BUTHUS
aKLIMOHEPHBIX  OOIIECTB C TOCYJAApCTBEHHBIM  ydacTHem (maiee  —
Pexomennanun) [8] ompeneneHbl OCHOBHBIE 3aJadyd, TaKUe€ KaK COJICHCTBUE
MOJCPHHM3AIMM W  TEXHOJOTMYECKOMY  Pa3BUTHIO KOMIAHUA  MyTeM
3HAYUTENHFHOTO  YIYYIICHUS  OCHOBHBIX  ToOKazaTenei  3PQPeKTUBHOCTH
MPOU3BOACTBEHHBIX  IPOILIECCOB, BKIIOYAs yMEHBIIEHUE CE0ECTOUMOCTH
BbIlyckaeMoil mpoaykiuu (yciayr) ©Oonee uyem Ha 10 %, 3KOHOMUIO
HEPropecypcoB He MeHee 5 % eXEerojgHo, yJIydllleHue TMOTPeOUTETbCKUX
CBOWCTB MPEAIaraéMoro MpoayKTa, MOBBIIIEHUE MPOU3BOIUTEIHHOCTH TPY/Aa HE
MeHee 5 % eXerogHo, a TaKKe SKOJOTMYHOCTH IMpoliecca MPOU3BOJACTBA U
YTUJIM3AI[UU OTXOJ0B MPOU3BOJICTBA.

OcHoBHBIE MOKa3zatenu (MHANKATOpHI) mporpamm MNP B Pekomenmammsix
CIpYNIHUPOBAHBI CIEIYIOUIUM 00pa3oM:

1) nokaszarenu ¢uHancupoBanus u pesynbratiBHOCTH HUOKP (00BEM
(UHAHCHPOBAaHMSI 3a CYET COOCTBEHHBIX CpPEICTB, KOJUYECTBO TIATEHTOB,
pa3pabOTaHHBIX U BHEAPEHHBIX B MPOU3BOICTBO TEXHOJIOTUI B €IMHULIAX );

2) moKa3zaTedd TEXHOJOTHYECKOTO JHAepcTBa (KOJUYECTBO MATCHTOB,
3alMIIEHHBIX MATEHTAMU TPOIYKTOB, MOJYYEHHBIX 3a IMOCJIEIHHE TPHU Toja,
KayeCTBO MHHOBAIIMOHHOTO MOPTQEIs, OMpPeaAeIeMOe U3 COOTHOIICHUS MEXIY
IPOPBIBHBIMU U YIIYUIIAIOIIUMH TPOEKTAMH);

3) mokazatenu  3(pPEKTUBHOCTM  WHHOBAIIMOHHOW  JIEATEILHOCTH
(IPOIIEHT OT MPOJaX HOBBIX, HE CTApIIE TPEX JIET, MPOAYKTOB B 00IIeM 00beMe
npojiax, 3G PEeKTUBHOCTH BHEIPEHNS ),

4) moka3aTesu pe3yIbTaTHBHOCTH KOPIIOPATHBHOW CUCTEMBbI YIIPABICHHUS
UHHOBAIUSIMUA  (KOJIMYECTBO HWHHOBAIMOHHBIX  MPEJIOKEHUN, TMPOEKTOB
COTPYIHHUKOB U OXHUJACMbId TMOTEHIHUAT HX OKYHNaeMOCTH, KOJIMYECTBO
JEUCTBYIOIIUX JTMHAMUYHO Pa3BUBAIOMIMXCA TMPOEKTOB, MPOJOJIKUTEIHHOCTD
[IUKJIa MHHOBAIIMOHHOTO MPOIIECCa I €T0 OTACIBbHBIX CTaIui);

5) mokazarenu  3(PQPEKTUBHOCTH  B3aUMOJCHCTBUS C  BHCIIHUMU
UCTOYHUKAMHU pPa3pabOTOK ¥ WHHOBAIMK (KOJIWYECTBO WHHOBAIMOHHBIX
MPEIIOKEHU OT CTOPOHHUX OpPraHU3AIMi, MPOIEHT MPOJaX OT peau3aiuu
pa3paboOTOK, MOJIYYCHHBIX U3BHE).

[Tomy4yenne maHHBIX TO PEKOMEHIOBAHHBIM IIOKA3aTeNsIM TIO3BOJISET
KOJIMYECTBEHHO OIICHUTh PE3YJIbTaT BHEAPEHUS TMPU3HAHHBIX HA PBHIHKE
KOHKPETHBIX  WHHOBAIIMOHHBIX  pa3pabOTOK, CIIOCOOHBIX T'E€HEPHUPOBATH
JICHE)KHBIN MTOTOK OT MPOJIAXKH.

IIpu 5TOM CyHIECTBYET CIIOXKHOCTh OLEHKU T€X pa3pabOTOK, pe3yJbTaThl
KOTOPBIX HE BHEIPSIIOTCS HEMOCPEACTBEHHO B MPOM3BOACTBEHHBIN MpOIECC,
HalleJIeHbl  HAa  YJIYYIICHHE  KAaYeCTBEHHBIX  W/WIM  KOJUYECTBEHHBIX
XapaKTePUCTUK IEITSITLHOCTH KOMITAaHUH.

[TapameTpamMu OIGHKM B TAaKOM ClIy4dae SIBJISIOTCS PE3YJIbTAThl,
oopMIICHHBIE B BUJI€ MPAB HA UHTEIUIEKTYyaIbHYI0 COOCTBEHHOCTh (MAaTEHTHI Ha
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MOJIE3HbIE MOJIENIU, U300peTeHus u 1ip.). [Ipu 3ToM OlleHHBATh YKOHOMUUYECKYIO
3 PEKTUBHOCTh MATEHTA, MO KOTOPOMY HE BBIMIAYMBACTCS POSIITH, MOXKHO
TOJBKO IKCHEPTHBIM ITYTEM.

Takum oOpa3oM, OCOOCHHO AaKTyaJlbHOM CTaHOBUTCS HEOOXOJIUMOCTh
pa3pabOTKM HMHCTPYMEHTOB CTHUMYJIHUPOBAHUS TOBBIMICHUS KOMITAHUSMHU
pacxonos Ha 1P.

CeronHsi, mpH OIEHKE BHYTPEHHHMX TEKYyIIUX 3aTpaT Ha HAay4dHbIC
HCCIIeIOBaHUSI U pa3pabOTKU B COCTaBe CcTaThM «Jlpyrue wmartepuanbHbIC
3aTpaThl» YYUTBIBAETCS CTOMMOCTH MPUOOPETAEMBIX CO CTOPOHBI CHIPBS,
MaTepuasIoB, KOMIUICKTYIOIUX H3EIul, MoaypadpruKkaToB, TOIUIMBA, SHEPTHH,
paboT M yCIayr MPOU3BOJCTBEHHOIro Xxapakrtepa u jpyroe [5]. Ilpu stoM He
BBIICJISIIOTCS  3aTpaThl HA  TOKYNKY  HMIIOPTHBIX M OTEYECTBEHHBIX
MaTepHalbHBIX LIEHHOCTEW. OTHAEIBbHO HE OTPAXKAIOTCS PACXOJbl Ha OIUIATY
paboT, yCIyr COMCIIOTHUTENCH, HE YUUTHIBACTCS CTATyC PE3UICHTCTRA.

PexoMenpanuu nOpeANUCHIBAIOT NPU CO3JAHUM CHUCTEMBl YNPABICHUS
WHHOBAllMSIMA ~ YYUTHIBATh HEOOXOJAMMOCTh 3HAYUTEIBHOTO PaCIIUPEHUS
BHEJIPEHUS  KOMIIAHMSIMU  PE3yJIbTATOB  HCCIENOBAaHUM H  pa3paboOToK,
BBITIOJTHAEMBIX B OTEUECTBEHHOM CEKTOpPE TI'€HEpallMd 3HAHUM U BBICIIETO
oOpazoBanusa [8]. Ilpu STOM OTCHEAUTH BBHINOJHEHHWE JTAHHOTO TMOJIOKEHUS
HEBO3MOKHO M3-3a OTCYTCTBUSI KOHTPOJIBHBIX MTOKa3aTejlei U HEAOCTATOYHOCTH
JTaHHBIX, cOOp KOTOPBIX oOecreunBaet Poccrart.

[Ipenmnaraemslii MOAXO/ K OLIEHKE YPOBHSI OCYIIECTBIEHHBIX PAaCX0JI0OB Ha
HUP u OKP mnHamenen Ha pa3paOoTKy MepeuHs Mep CTUMYIUPYIOIIETO
XapakKTepa, MO3BOJISIONINX 00ECIIEYUTh TI0CTaTOYHbIE 00beMbl (PMHAHCUPOBAHUS
HAyKH.

Pacxonpl Ha TIpoBeACHHME HAyYHBIX HCCIEIOBaHHWM, a TakKXKe Ha
WHULUUPOBAHUE M CO3[aHHE€ WHHOBAllMMl C UEIbI0 YCKOPEHHS pPa3BUTHS
NEeATEIbHOCTU KOMITAHWM, OPTaHU30BAaHHbIE CHUJIAMU KOMIAHUU-PE3UIEHTA HIIH
BBIMIOJIHSIEMBIE  HAYYHBIMU  POCCUUMCKMMM  OpraHU3alUsMH, BIUSAIOT Ha
HAIlMOHAJIIBHYI0O JKOHOMHKY, OOecleunBasi €€ pPa3BUTHE IIyTEM BHEAPEHUs
PE3YNBTATOB HAYYHBIX pa3pabOTOK.

BeimnaunBaeTcss  3apa0oTHasi  IuUlaTa  KCCIENOBATENsIM,  YUEHBIM,
MH)XEHEepaM U CIEelUaInucTaM, 3a/IeiICTBOBAHHBIM B pa3pa0OTKe, MOKPBIBAIOTCS
HaKJIaJIHble PAcXOJlbl OpraHu3alyy, MPOU3BOJUTCS 3aKylKa MAaTEpPHATOB H
0o0OpyIOBaHUS /I BBITIOJIHEHUS padOT, HAYUCIAIOTCS Hamoru. Kpome Toro,
MOTYT OBITh MPEYCMOTPEHBI KOMaHAUPOBOYHbBIC, CIYKEOHbIE U TPAHCTIOPTHbIE
pacxoipl, OIIaTa yCIyr CBSI3U U IIPOYEE.

JIns yHUBEpCAJIbHOM OLEHKH BIMSHUS HAa HAIMOHAIBHYI0 SKOHOMHKY
pacxonoB Ha HMP mnpemmaraercs MCmoib30BaTh MOKA3aTelb WHHOBAIIMOHHOW
MOJJICPKKHU HallMOHabHOM skoHOMUKHU (MITHD).

Bonpoc ucuucneHuss JaHHOrO TMOKa3aTens SIBISETCS JUCKYCCHOHHBIM.
[IpenynoxxeHHbI aBTOPCKUM MOAXOJ MOXKET ObITh YJIYUILEH B X0J€ 00CYXICHUS
AKCHEPTHBIM COOOIIECTBOM BApUAHTOB pacyeTa.
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PeneBanTHBIMU i1 pacyeTa MpeasiaraeTcsi MpU3HABATh PaCXOJbl
KOMIIAaHUHU, CaMOCTOSITEIbHO Benylied pa3paOOTKU WA C MPUBICUYCHUEM
OTEUECTBEHHOI'O CEKTOpA F'€HEepalK 3HaHU I U BBICIIEr0 00pa30BaHMUS:

— Ha BBHIIJIATy 3apa00THOM IJIATHI C YY€TOM CTPaxoBbIX B3HOCOB (B [1D,
OCC, OOOMC, TOOMC), npuueM Kak MITaTHBIM COTPyAHHKaM u3 (oHIa
omnatel Tpyaa (®OT) opranuszanuu, Tak W BOBJICUYEHHBIM B pabOTy IO
JIOTOBOpaM IpakIaHcKo-mipaBoBoro xapakrepa (I'TIX);

— Ha 3aKymnkKy OOOpYyJOBaHHUS W MAaTe€pUalioB TOJHKO OTEYECTBEHHOTO
IPOU3BOJICTBA, MOCKOJIBKY PAaCCUMTHIBAETCS BJIMSIHUE WMEHHO Ha SKOHOMHKY
CTpaHbl, B KOTOPOW MPOBOJAUTCS UCCIICIOBAHMUE;

— Ha omiary paboT, yCIyr CTOPOHHUX OpraHu3aluid. 3adacTyro AJis
BBITIOJIHEHUSI PpabOThl HEOOXOJWMO TMPUBJICUCHUE COUCIIOIHUTEICH, TaKue
pacxolibl mpejjaraeTcss yuuTbiBath C  Koddduimentom 0,5 B ciydae
PUBJICYCHUS B KauecTBe COMCITOTHUTEISI KOMIaHUHU-PE3UICHTA.
Hcnons3oBanue mnoHmxkaromero koddduimeHta oO00CHOBAaHO TEM, YTO, BO-
NEPBbIX, PpacXoibl Ha oOIaTty paboT W YyCIyr CTOPOHHUX OpraHu3aIun
obecrieunBarOT OOMIMI  pe3ylbTaT, W OCHOBHOW HCIOJHUTENIb HECET
OTBETCTBEHHOCTH 3a JICMCTBUSI COMCITOJHUTENS, KaK 3a CBOM COOCTBeHHBIE. Bo-
BTOPBIX, COUCIIOJIHUTENb SBJIAETCS TPETHUM JIMIIOM, Y€l BKJIAJ IMpPU OLEHKE
BJIUSHHUS HA HAUHWOHAJBbHYKD DJKOHOMHUKY KOMIIAHMHM-3aKa3UWKa JOJIKEH
YUHUTBIBAaThCA B MEHBILIEM pa3Mepe. B ciaydae BkiIala CTOpPOHHUX OpraHu3aluid
6onee 50 % oT oOmEH CyMMBbl pacxoJoB BBIOOP HCHOJHUTENS PaOOThI
CTAaHOBHUTCS HEKOPPEKTHBIM, TaK Kak OOJbIlIas €€ YacTh BBIMNOJHIETCS CHJIAMU
TPETHUX JIMII.

Bce ocranbHbIe pacxoapl, TaXe C YYETOM BEPOSTHON 3HAYUTEIbHOM JOJIU
B 0011eM 00beMe, Ha JaHHOM dTare MpeaiaracTcs CuuTaTh HepeJIeBaHTHBIMH.

[lepeueHnp BHIOpaHHBIX CTaTEH PacXoi0B C MOPSIKOM pacdyeTa UX BIUSHUS
Ha oboOmaromuii mokasarens UITHD npusenen B Tabur. 2.

Tabnuya 2. Cmamou pacxoda u nopsaoox pacuema UIITHD (nepswiii 5man)

basza ucunciaenus, .
Iloka3zarennb Ikana 3HaYeHH#
eIMHHMIIA U3MEPEeHHs
Pacxonpl Ha 3apabotHyto iaty | @OT + ormnatel o joroBopam 1
u ECH ['TIX + ECH, .
3a KKl MITH. PYO.
MJIH. PYO.
3aKyIka MaTepuajioB U CrouMoCTb 3aKyIIKH TOBapHO-
000py/ZI0BaHUS OTEUECTBEHHOTO | MaTepUaJIbHBIX IIEHHOCTEH Oe3 1
[IPOU3BOACTBA yueta HJIC, 3a KaX/Iblii MJIH. pyo0.
MJIH. PYO.
Pacxonpl Ha omnary pabor, CroumMocTs 10 J0roBopy 6e3
YCIIyI' CTOPOHHUX OpraHU3alui- yueta HJIC, ¢ 0,5
pesuneHToB (He 6onee 50 % ot koddurmenTom 1/2, 3a KKl MITH. PYO.
oOriel cymmbl)* MJIH. pyO.

*[Ipu Benu4YMHE Pacxo/0B HA CTOPOHHUE opranuzanuu 6omuee 50 % oT oOmel cyMMBbI
pacxo/i0B, JAHHOMY MOKa3aTes0 MPUCBANBAETCS HYJIEBOE 3HAUCHHUE.
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ITomyueHHOEe U(POBOE 3HAUEHUE XAPAKTEPU3YET YPOBEHb PACXOIOB HA
MIOJIyYE€HUE HOBOT'O MPOJYKTa, YCIYTH, IPOLECCA, KAUECTBEHHO OTIMYAIOLIUXCS
OT CYILECTBYIOIIMX C LENbIO YBEIUYEHUS PE3YIbTATUBHOCTH 1€ATEIbHOCTH.

Ha BTOpOoM »Tame pacdyeToB HEOOXOJIHMMO YYECTh CTENEHb BHEAPECHUS
MOJIYYEHHBIX B XOJI€ HAyYHBIX pabOT pe3ybTaToB.

OTo npeayaraercs caenaaTh ¢ IOMOIIbI0 KA QUIIeHTa BHEIPEHUS

— pe3ynbTaThl BHEJIPEHBI B I€ATEIbHOCTh KOMIAHUU NOJHOCTHIO — 1,0;

— pe3ynbTaThl BHEpeHbl yacTu4HOo — 0,5;

— pe3ynbTaThl He BHenpeHbl — 0.

[TyTem yMHOXEHUSI BETUYMHBI, OTPAXKaIOIIEeH YPOBEHb PACXOJ0B BHYTPH
HAI[MOHAJILHON SKOHOMUKHU U KO3(PPUIIMEHTa BHEAPEHUS, MOTy4aeM MOKa3aTellb
NITHD, no3Bossitoninii CpaBHMBATh KOMIIAHUU Pa3HbIX BUAOB JCSITEIBHOCTH U C
pa3HbIM MacITabOM MHHOBAIMOHHOTO PA3BUTHS U €r0 MPOAYKTUBHOCTH.

PaccuuThiBaTh moKaszaTeslb MOXKHO JUISl OT/IEIBHBIX KOMITAHUH, OoTpaciei
POMBIIJIEHHOCTH, PETHOHOB, CTpaH MPU HAIWYUM HEOOXOIUMBIX HCXOIHBIX
JTaAHHBIX.

3aKkIouYeHue

Llenp BBeOEHMS HOBOTO IOKa3aTelis — JAOMOJHUTEIbHbIA KOHTPOJIb Ha
rOCYJapCTBEHHOM YPOBHE 3a IMPOLECCAMHU, OKa3bIBAIOIIMMU BJIUSHHUE Ha
HAllMOHAJbHYI0 HSKOHOMHKY JUISl CO3JaHUSA CHUCTEMBl TOCYAapCTBEHHOM
NOAJEP)KKM KOMIIAHMHM, TOTOBBIX YyBEJIMYMBATH pacXoAbl HAa Hay4dHbIE
UCCJICIOBAHUS U pa3pabOTKH.

JIns KOMIaHUM, OCYIIECTBIISIIOIIMX 3HAYUTEIbHBIE BIOKEHHUS B HAy4HO-
TEXHUYECKOE, MHHOBALIMOHHOE pPAa3BUTHE, YBEJIMYECHHE JTAHHOIO IOKa3aTess
MOKET CTaTh JIOMOJIHUTEIBHBIM CTHUMYJIOM, MO3BOJUT OOpPATUThH MPHUCTAIBHOE
BHUMAaHHE HA CYIIECCTBYIOIIMKA MOTCHIHUAT POCCUMCKOW HAYKH, COXPAHUTH U
MIPUYMHOKUTh KOJIMYECTBO HAYYHBIX IIKOJ, MOJIECPKUBATH BBICOKOE KAYECTBO
pa3paboOTOK, MOBBICUTh UX PE3yJIbTaTUBHOCTb.

ABTOp 3asiBjisieT, YTO HACTOSIIAs CTaThs HE COJEPKUT KAKUX-THOO
HCCIICIOBAHUM C YJaCTHEM JIIOJICH B Ka4eCTBE 0OBEKTOB MCCIICIOBAHHM.
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MOBILITY ON DEMAND - VISION OF A FLEXIBLE FUTURE
URBAN MOBILITY

Background: The present situation in megacities is characterized by traffic
congestion, capacity limits of public transportation systems. In addition, environmental
regulations due to potential health risks will have an increasing impact on urban
transportation systems.

Aim: In this paper, we describe major technology trends in transportation and in
information and communication systems which will influence urban transportation in future
megacities. Based on these trends a vision of a sustainable urban transportation system is
developed.

Method: In a first step, trends in urban development and the individual needs are
analyzed. Digitalization of transportation and communication technologies offer new business
opportunities for Artificial Intelligence (Al) based services.

Results: The intelligent combination of advanced transportation technologies in large
buildings and Al based services enables a vision of “Mobility on Demand”, representing a
flexible and sustainable urban transportation in future megacities.

Conclusion: The vision “Mobility on Demand” illustrates the effective and flexible
integration of individual transportation needs into public transportation systems. Depending
on the standards of future individual vehicles such vehicles could be integrated seamlessly
into the urban Maglev transportation system.

Keywords: Urban transportation, megacities, individual needs, linear drives, Maglev

INTRODUCTION

Today’s situation of urban transportation in many large cities is
characterized by road traffic congestion, especially by the individual traffic. An
increasing problem is the lack of sufficient parking space in the downtown area
of large cities. Air pollution presently attracts growing attention and already
results in environmental regulations to limit hazardous emissions by vehicles
powered by internal combustion engines (ICE). Among them NO, and
particulate matter are considered to have a negative impact on quality of life and
health. Public transportation systems such as subway, express way and buses are
already reaching their limit of transportation capacity, at least during several
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hours a day. In 2018, 55 percent of the world’s population are residing in urban
areas. By the year 2050, 68 percent of the world’s is projected to be urban [1].
With an increasing influx of the population from rural areas this trend will
continue during the next decades, and it is expected that at the end of the
21% century more than 90 percent of the worldwide population will reside in
megacities, as illustrated in Fig 1.
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Fig. 1. Development of the world’s population residing in urban areas [1]

This trend will lead to increasing costs of building ground and housing
construction. Therefore, to utilize the available space in a most efficient way the
housing construction will target to large buildings with a maximum use of the
available area. In addition, energy efficiency, sustainability and comfort will
become increasingly important in building construction. To keep pace with this
development about two third of all cities worldwide have to be planned and
constructed [2]. On the other hand, commuting traffic will increase with
growing distance between working and living place. For comfort reasons short
and flexible connections to long distance transportation systems become
important. Short travel and transfer time are further personal needs, too.
Avoiding potential conflicts of interests between personal needs and higher-
ranking needs of the general public could be a challenge.

Presently common urban transportation systems in most large cities are
operating at the limit of their transportation capacity. Expansion of these
systems is restricted by limited available area, problems in public acceptance,
increasing construction costs and municipal households. Therefore, innovative
solutions are required to manage future urban transportation. In this paper, we
investigate how advanced technologies of mobility combined with state of the
art information and communication technologies can contribute to a sustainable
and flexible urban mobility in future megacities.
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TECHNOLOGY TRENDS

Mobility

Due to environmental regulations electric mobility (e-mobility) is already
penetrating the market of individual and fleet vehicles. However, almost all e-
cars are powered by batteries whose capacity provides a rather limited range,
even with the most advanced Li-ion technology. A major drawback of these
batteries is the time required for re-charging, an exploitation process of the raw
materials which is not sustainable. In addition, the long term supply of some
important raw materials for the mass production of these batteries is still
unknown. An alternative fuel is hydrogen for fuel cell powered e-cars.
Hydrogen is generally available in abundance if generated via electrolysis.
However, generation costs of hydrogen and the costs of fuel cell cars are not yet
competitive to conventional cars. Research and development efforts in many
countries are focusing on cost reduction of fuel cells and hydrogen generation.
However, the trend towards electric mobility either powered by batteries or fuel
cells will be irreversible.

Public ground transportation systems are based on rail-wheel technology
which have a long history, and bus. Besides these conventional technologies
more advanced systems, such as magnetic levitation (Maglev) trains have been
developed and successfully tested. Some of them are in commercial operation.
Examples are the Transrapid, developed in Germany and in commercial
operation since 2002 in Shanghai/China. Other examples are the Linimo in
Japan and the Rotem Ecobee in South Korea. All are Maglev systems, using the
linear motor drive system for propulsion and the electromagnetic principle for
levitation and guidance. They differ in the structural design of the levitation and
the guidance system. Another system which is in preparation for
commercialization is the JR Maglev. This system uses the electro-dynamic
principle and onboard superconducting magnet coils for levitation and guidance.

Information and Communication

The last few decades experienced rapid progress in microelectronics,
miniaturization and integration of a variety of functionalities into small devices
accompanied by a dramatic increase in performance. A similar progress could be
seen in the fields of software system development, data processing and
communication technology, especially in wireless communication technology. A
few decades ago, electronic devices managed and improved the performance of
engines. Increasing wireless communication technology enabled navigation and
infotainment features in vehicles. Today, embedded systems allow car-to-car
communication and driver assistance, and algorithms based on artificial
intelligence (Al) enable automated or autonomous driving. At many places
around the world tests with autonomous driving are carried out. Besides comfort
for driver and passengers this is considered as an improvement of safety in
traffic in the near future.
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The intelligent combination of such embedded systems with advanced
transportation technologies could contribute to a sustainable, efficient nd
flexible urban transportation in future urban transportation. The challenge is an
intelligent combination of information and communication technology with e-
mobility technologies to cover personal individual transportation needs and
higher-ranking requirements of public transportation. Wireless communication
via smartphone could provide the missing link between personal transportation
needs and public transportation systems. In the following the vision of “Mobility
on Demand” is presented, illustrating how this could be realized.

INNOVATIVE TRANSPORTATION SOLUTIONS

Personal transportation by linear drive systems

Residential and office buildings in future megacities will be large-scale
buildings, requiring efficient and flexible transportation inside the building
complex. The innovative concept of MULTI [3] of thyssenkrupp is a disruptive
re-invention of the elevator function which could revolutionize the personal
transportation in building complexes. It applies the linear motor technology
developed for the magnetic levitation train Transrapid to elevator cabins.

The cabins move in shafts in the same way as trains in rail systems. The
linear motor system together with the fact that no ropes are necessary allows
vertical as well as horizontal movements inside the building. Even various
cabins can move in the same shaft at the same time. In addition this concept
allows the use of new and lightweight materials substantially reducing the
overall weight of the elevator compared to conventional ones. The functional
concept of this MULTI system is illustrated in Fig. 2, and its implementation in
a building complex in Fig. 3.

1 2] © @ o
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=

Fig. 2. lllustration of the functional concept of the MULTI system [3]
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Fig. 3. Implementation of the MULT]I system in a large scale building complex [3]

Urban Maglev systems for public metropolitan transportation

Several urban Maglev systems have been developed in Germany, Japan,
China and South Korea. They are using different technologies and structural
designs but their common principle is the electro-magnetic principle and the
linear motor drive. Germany’s high speed development Transrapid uses the
attractive force of magnets beneath a guideway to lift the train up (bearing
magnets for levitation) and long-stator coils for propulsion. The Transrapid
operates at a speed up to 500 km/h. The structure of the Transrapid’s bearing
and propulsion system is illustrated in Fig. 4a.

guidance magnet

long-stator* \
pimy e | |

part

hearing magnet

Pick-up

Fig. 4a. Structure of the bearing and propulsion system of TR08 [4]
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Fig. 4b shows the Shanghai Maglev Train (Transrapid) in operation.

Fig. 4b. The Transrapid leaving the station in Shanghai [5]

The Japanese Linimo uses the attractive force of magnets beneath a guideway to
lift the train up, too. For propulsion a linear motor and short-stator coils are
used. The maximum speed is limited to 100 km/h. The Linimo car in operation
Is shown in Fig. 5.

Fig. 5 The Linimo in operation [6]

The Ecobee urban Maglev train also uses the attractive force of magnets
beneath a guideway to lift the train up. For propulsion a linear motor and a long-
pole design is employed to reduce the magnetic drag forces. The designed top
speed is 110 km/h.

R&D activities exist in many countries, especially in Eastern Europe and
in Asia. Therefore, more advanced Maglev system designs for urban and long-
distance transportation can be expected, and we focus on urban Maglev systems
in general, with no restriction of the vehicle and guideway design. We even
assume that in the future standardized small modular units could be developed
which can temporarily be linked to other units, like in a chain.
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VISION OF “MOBILITY ON DEMAND”

Flexible transportation service on demand

The elements of this vision are the MULTI system for transportation
inside large-scale building, urban Maglev systems for public transportation in
cities and state of the art information and communication technologies.
Combining these elements a flexible transportation service on demand can be
realized. The transportation service process is performed in the following way:
A person (the customer) planning his travel from his actual position “A” to a
certain destination “B” communicates via a smartphone app to the central traffic
coordination center (TCC) of the city, transmitting the information about his
actual position “A”, the destination “B” and his personal preferences and
individual options. In the traffic coordination TCC center the most efficient
route between his position “A” and the destination “B” is automatically
identified, based on the locations “A” and “B”, the customer’s options and the
availability of the urban transportation system. The result with detailed
information about the transportation lines, the schedule including transfer times
Is sent to the customer. After approving the suggested traveling plan a cabin of
the MULTI system inside the building is sent to the nearest location of the
customer’s position. The Maglev station close to the building and the next
available urban Maglev train is informed about the arrival of the new passenger.
The customer is continuously online informed via his navigation app on his
smartphone about the status of his schedule. The concept of this vision is
illustrated in Fig. 6.

Fig. 6. lllustration of the flexible transportation system on demand
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Such systems provide most efficient personal transportation in terms of
traveling time, connections and availability of transportation systems. Individual
options and higher-ranking requirements of public transportation are combined
In an optimum way.

The concept can even be extended to larger building complexes. The
MULTI-system is not restricted to one single building, it could connect
neighboring buildings, as illustrated in Fig. 7

Fig. 7. lllustration of larger building complexes connected by MULTI-system

New business opportunities by Mobility on Demand

The idea of mobility on demand offers a new business opportunity for an
organization “coordination center” which provides the service of transportation
on demand. It overlooks and communicates with all participating transportation
systems and building managers. Providing mobility on demand in future
megacities 24 hours 7 days a week, satisfying individual personal needs and
higher-ranking requirements of an efficient public transportation will be an
important feature in a future sustainable and comfortable urban transportation.
Energy consumption can be minimized and capacity of urban transporting
optimized.

CONCLUSION

In the article, a vision of an urban transportation system in future
megacities has been presented, which is based on an extrapolation of state of the
art technologies in mobility and information and communication.

Received: 17.06.2019 Revised: 11.07.2019 Accepted: 15.07.2019
Moctynuaa: 17.06.2019 Ono6pena: 11.07.2019 Mpunsra: 15.07.2019



138 TPAHCHOPTHBIE CUCTEMbI U TEXHOJIOI'MH OPUI'MHAJIBHBIE CTATbH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

The authors make it expressly clear that:

1. No conflict of interests has taken or may take place;
2. The present article does not contain any researches with people as the objects
involved.

References

1. 2018 Revision of World Urbanization Prospects [Internet]. United Nations |
Department of Economic and Social Affairs. [cited 2019 Jul 09]. Available from:
https://www.un.org/development/desa/publications/2018-revision-of-world-
urbanization-prospects.html

2. Bauen fiir die Zukunft — Zukunft fir den Bau, Heute flir die Welt von morgen bauen.
Fraunhofer Bau. Fraunhofer Institut fiir Bauphysik IBP. Fraunhofer-Allianz Bau,
2012 [Internet]. [cited 2019 Jul 09]. Available from:
https://www.fraunhofer.de/content/dam/zv/de/institute.../fraunhofer-allianz-bau.pdf

3. Casting a glance into future mobility: thyssenkrupp shows ropeless MULTI at the
German Pavilion of EXPO 2020 Dubai [Internet]. Daily press, 2019 11 Jul. [cited
2019 Jul 09]. Available from: https://www.thyssenkrupp-
elevator.com/en/newsroom/press-releases-93760.html?id=2417166

4. Biihler G, Czainski R. CPS for the high-speed magnetic levitation system of
Transrapid TRO8, 2005.

5. MAGLEV BOARD [Internet]. Pics, Transrapid. [cited 2019 Jul 09]. Available from:
https://www.maglevboard.net/en/pics#gallery4b25bb6ead-27

6. MAGLEV BOARD [Internet]. Pics, Transrapid. [cited 2019 Jul 09]. Available from:
https://www.maglevboard.net/en/pics/linimo-urban-maglev#gallery7f45cdb446-10

7. Paturi FR. Baumeister unserer Zukunft: Kiihne Projekte der Forscher, Erfinder und
Ingenieure in aller Welt. Econ Verlag; 1975. 227 p. (In German). [Internet]. ISBN 3-
430-17379-5. [cited 2019 Jul 09]. Available from:
https://isbnsearch.org/isbn/3430173795

Information about the authors:
Roland Kircher, Dr.;

ORCID: 0000-0002-8807-8915;
E-mail: rk@maglevboard.net

Johannes Kluehspies, Dr. habil. Dr. h.c., full professor;
ORCID: 0000-0001-6089-9853;
E-mail: jok@maglevboard.net

Eckert Fritz, Dipl. Eng.;
ORCID: 0000-0003-3422-227X;
E-mail: ef@bahntechnik.de

Reiner Kohler;
E-mail: reiner.koehler@thyssenkrupp.com

To cite this article:

Kircher R, Kluehspies J, Fritz E, Koehler R. Mobility of Demand — Vision of a Flexibe Future
Urban Mobility. Transportation Systems and Technology. 2019;5(2):130-138. doi:
10.17816/transsyst201952130-138

Received: 17.06.2019 Revised: 11.07.2019 Accepted: 15.07.2019
Moctynuaa: 17.06.2019 Ono6pena: 11.07.2019 Ipunsita: 15.07.2019


https://www.un.org/development/desa/publications/2018-revision-of-world-urbanization-prospects.html
https://www.un.org/development/desa/publications/2018-revision-of-world-urbanization-prospects.html
https://www.fraunhofer.de/content/dam/zv/de/institute.../fraunhofer-allianz-bau.pdf
https://www.thyssenkrupp-elevator.com/en/newsroom/press-releases-93760.html?id=2417166
https://www.thyssenkrupp-elevator.com/en/newsroom/press-releases-93760.html?id=2417166
https://www.maglevboard.net/en/pics#gallery4b25bb6ea4-27
https://www.maglevboard.net/en/pics/linimo-urban-maglev#gallery7f45cdb446-10
https://isbnsearch.org/isbn/3430173795
https://orcid.org/0000-0002-8807-8915
mailto:rk@maglevboard.net
https://orcid.org/0000-0001-6089-9853
mailto:jok@maglevboard.net
https://orcid.org/0000-0003-3422-227X
mailto:ef@bahntechnik.de
mailto:reiner.koehler@thyssenkrupp.com

